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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an exhaust 
gas purification device for an internal combustion en- 
gine. More specifically, the invention relates to a device 
which is capable of removing NO x from the exhaust gas 
of a lean burn engine with high efficiency. 

2. Description of the Related Art 

[0002] An exhaust gas purification device utilizing a 
three-way reducing and oxidizing catalyst (hereinafter 
referred to as a "three-way catalyst") is commonly used 
for removing HC, CO and NO x from the exhaust gas of 
an internal combustion engine (in this specification, the 
term NO x means a nitrogen oxide such as NO, N0 2 , 
N 2 0 and N 2 0 4 , in general). The three-way catalyst is 
capable of oxidizing HC and CO, and reducing NO x , in 
the exhaust gas when the exhaust gas is at a stoichio- 
metric air-fuel ratio. Namely, the three-way catalyst is 
capable of simultaneously removing these harmful com- 
pounds from exhaust gas when the air-fuel ratio of the 
exhaust gas is the stoichiometric air-fuel ratio. 
[0003] However, the ability of the three-way catalyst 
for reducing NO x becomes lower as the air-fuel ratio of 
the exhaust gas becomes leaner (i.e., as the air-fuel ra- 
tio becomes higher than the stoichiometric air-fuel ratio). 
Therefore, it is difficult to remove NO x in the exhaust gas 
from a lean burn engine, which is operated, on the 
whole, at a lean air-fuel ratio, using a three-way catalyst. 
[0004] To solve this problem, Japanese Unexamined 
Patent Publication (Kokai) No. 4-365920 discloses an 
exhaust gas purification device utilizing adenitrating re- 
action. 

[0005] When the air-fuel ratio of the exhaust gas is 
lower than the stoichiometric air-fuel ratio (i.e., when the 
air-fuel ratio of the exhaust gas is rich), the three-way 
catalyst converts a portion of NO x in the exhaust gas to 
NH 3 while reducing most of NO x in the exhaust gas and 
converting it into N 2 . The device in the '920 publication 
produces NH 3 from NO x in the exhaust gas using a 
three-way catalyst, and reacts the produced NH 3 with 
the NO x in the exhaust gas to reduce NO x to N 2 and 
H 2 0 by a denitrating reaction. 

[0006] In the '920 publication, a multi-cylinder internal 
combustion engine is used, and a group of cylinders of 
the engine are operated at a rich air-fuel ratio while other 
cylinders are operated at a lean air-fuel ratio, and the 
operating air-fuel ratio of the engine, as a whole, is kept 
at a lean air-fuel ratio. Further, a three-way catalyst hav- 
ing a high capability for converting NO x to NH 3 is dis- 
posed in an exhaust gas passage connected to the rich 
air-fuel ratio cylinders (i.e., the cylinders operated at a 
rich air-fuel ratio). After it flows through the three-way 



catalyst, the exhaust gas from the rich air-fuel ratio cyl- 
inders mixes with the exhaust gas from the lean air-fuel 
ratio cylinders. When the exhaust gas from the rich air- 
fuel ratio cylinders flows through the three-way catalyst, 

5 a portion of the NO x in the exhaust gas is converted to 
NH 3 . Thus, the exhaust gas downstream of the three- 
way catalyst contains a relatively large amount of NH 3 . 
On the other hand, the exhaust gas from the lean air- 
fuel ratio cylinders contains a relatively large amount of 

10 NO x . Therefore, by mixing the exhaust gas from the 
three-way catalyst and the exhaust gas from the lean 
air-fuel ratio cylinders, NH 3 in the exhaust gas from the 
three-way catalyst reacts with NO x in the exhaust gas 
from the lean air-fuel ratio cylinder, and NH 3 and NO x 

15 produce N 2 and H 2 0 by adenitrating reaction. Thus, ac- 
cording to the device in the '920 publication, NO x is re- 
moved from the exhaust gas. 

[0007] In the device of the '920 publication, it is re- 
quired that the amount of NH 3 produced by the three- 

20 way catalyst is sufficient for reducing all of the NO x in 
the exhaust gas from the lean air-fuel ratio cylinders. 
For example, the greatest part of NO x in the exhaust gas 
discharged from the engine is composed of NO (nitro- 
gen monoxide) and N0 2 (nitrogen dioxide) components. 

25 These NO and N0 2 components react with NH 3 and pro- 
duce N 2 and H 2 0 by the following denitrating reactions. 

4NH 3 + 4NO + 0 2 -> 4N 2 + 6H 2 0 

30 

8NH 3 + 6N0 2 -> 7N 2 + 12H 2 0 

[0008] Therefore, in the device of the '920 publication, 

35 an amount of NH 3 which equals the total of the number 
of moles of NO and 4/3 times the number of moles of 
N0 2 is required in order to remove all of the NO x in the 
exhaust gas from the lean air-fuel ratio cylinders. When 
the exhaust gas contains other NO x components such 

40 as N 2 0 4 , N 2 0, the amount of NH 3 stoichiometrical to the 
amount of these components is required in addition to 
the above noted amount on NH 3 . 
[0009] However, the amount of NO x produced in the 
cylinders of the engine becomes the maximum when the 

45 cylinders are operated at a lean air-fuel ratio (for exam- 
ple, at an excess air ratio about 1 .2), and decreases rap- 
idly when the cylinders are operated at a rich air-fuel 
ratio. Since the device in the '920 publication converts 
NO x in the exhaust gas of the rich air-fuel ratio cylinder 

50 to produce NH 3 , the amount of produced NH 3 is limited 
by the amount of NO x produced in the rich air-fuel ratio 
cylinders. Therefore, in the device of the '920 publica- 
tion, the amount of NH 3 produced by the three-way cat- 
alyst is not sufficient to reduce all of the NO x in the ex- 

55 haust gas from the lean air-fuel ratio cylinders, and a 
part of NO x in the exhaust gas from the lean air-fuel ratio 
cylinder is released to the atmosphere without being re- 
duced. 
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[001 0] Further, in the device of the '920 publication, a 
group of the cylinders are operated at a lean air-fuel ra- 
tio, while other cylinders of the engine is operated at a 
rich air-fuel ratio. This causes a difference in the output 
torque of the cylinders, and causes fluctuations in the 
output torque of the engine. 

[0011] Document EP-A-0 510 498 discloses an ex- 
haust gas purification apparatus for an internal combus- 
tion engine comprising NH 3 conversion means dis- 
posed in an exhaust gas passage through which the ex- 
haust gas flows, after the air-fuel ratio is adjusted, for 
producing NH 3 by converting at least a part of the ex- 
haust gas to NH 3 . Furthermore, a purification means is 
disclosed disposed in an exhaust gas passage, into 
which the exhaust gas from the NH 3 conversion means 
flows and for purifying both NOx and NH 3 in the exhaust 
gas by reacting NOx with NH 3 in the exhaust gas. Ac- 
cording to this system, NOx is converted in a first state 
to NH 3 and the produced NH 3 is used in a second state 
for reducing exhaust gas species like NOx. In such a 
device used for the exhaust gas purification of a lean 
burn engine the purification of NOx is unsatisfactory be- 
cause due to the shortage of NH 3 generated in the first 
state by the catalyst. 

[001 2] Document WO 96/03572 discloses an exhaust 
gas purification device for an internal combustion en- 
gine which is provided with a direct cylinder injection and 
is capable of operating under lean air-fuel ratios. An ex- 
haust gas air-fuel ratio adjusting means is provided for 
adjusting the air-fuel ratio of the lean air-fuel ratio ex- 
haust gas produced by the lean air-fuel ratio combustion 
in the cylinder to a rich air-fuel ratio by injecting fuel into 
the cylinder from the direct cylinder injection valve dur- 
ing an exhaust stroke of the cylinder. By this additional 
fuel injection, a Denox catalyst shall be activated. The 
only purpose of the mentioned additional post-injection 
is to supply unburned hydrocarbons to the Denox cata- 
lyst. In case of a Denox catalyst, however, NH 3 is of no 
relevance and, accordingly, the document does not 
mention NH 3 or the reduction of NOx by means of NH 3 . 

SUMMARY OF THE INVENTION 

[0013] In view of the problems in the related art as set 
forth above, the object of the present invention is to pro- 
vide an exhaust gas purification device for an internal 
combustion engine which is capable of removing NO x 
in the exhaust gas of a lean burn engine, with high effi- 
ciency, by producing a sufficient amount of NH 3 and re- 
moving NO x from the exhaust gas by reacting the pro- 
duced NH 3 and NO x in the exhaust gas and without 
causing fluctuations in the output torque of the engine. 
[0014] This object is achieved by an exhaust gas pu- 
rification device for an internal combustion engine ac- 
cording to the present invention in which the engine is 
provided with a direct cylinder injection valve for inject- 
ing fuel directly into the cylinder thereof and is capable 
of operating on a lean air-fuel ratio combustion in the 



cylinder. The exhaust gas purification device comprises 
exhaust gas air-fuel ratio adjusting means for adjusting 
the air-fuel ratio of the lean air-fuel ratio exhaust gas 
produced by the lean air-fuel ratio combustion in the cyl- 

5 inder to a rich air-fuel ratio by injecting fuel into the cyl- 
inder from the direct cylinder injection valve during an 
expansion stroke or an exhaust stroke of the cylinder, 
NH 3 conversion means disposed in an exhaust gas pas- 
sage through which the exhaust gas after its air-fuel ratio 

10 is adjusted flows and for producing NH 3 by converting 
at least a part of NO x contained in the exhaust gas to 
NH 3 and purification means disposed in an exhaust gas 
passage into which the exhaust gas from the NH 3 con- 
version means flows and for purifying both NO x and NH 3 

15 in the exhaust gas by reacting NO x with NH 3 in the ex- 
haust gas. 

[0015] In the present invention, the combustion in the 
cylinder of the engine is performed at a lean air-fuel ra- 
tio. Therefore, the amount of NO x produced by the com- 

20 bustion in the cylinder is larger than the amount of the 
same when the cylinder is operated at a rich air-fuel ra- 
tio. Thus, exhaust gas with a lean air-fuel ratio and con- 
taining a relatively large amount of NO x is formed in the 
cylinder. The exhaust gas air-fuel ratio adjusting means 

25 adds fuel to this lean air-fuel ratio exhaust gas by inject- 
ing fuel into cylinder during the expansion stroke or the 
exhaust stroke using the direct cylinder injection valve. 
Since fuel is added to the exhaust gas, the air-fuel ratio 
of the exhaust gas changes to a rich air-fuel ratio. Fur- 

30 ther, since the amount of NO x produced by the lean air- 
fuel ratio combustion does not change by the fuel injec- 
tion during the expansion or the exhaust stroke, the ex- 
haust gas still contains a relatively large amount of NO x 
even after the fuel injection during the expansion or the 

35 exhaust stroke is performed. Thus, exhaust gas with a 
rich air-fuel ratio which contains a relatively large 
amount of NO x is formed in the cylinder by the direct 
cylinder fuel injection during the expansion or the ex- 
haust stroke. It will be understood that the amount of 

40 NO x contained in this rich air-fuel ratio exhaust gas is 
larger than the amount of NO x contained in the exhaust 
gas formed by a rich air-fuel ratio combustion. 
[0016] This exhaust gas, having a rich air-fuel ratio 
and containing a relatively large amount of NO x , is sup- 

45 plied to the NH 3 conversion means such as a three-way 
catalyst or a NO x absorbing-reducing catalyst. Since the 
amount of NO x in the exhaust gas is large, a large 
amount of NH 3 is produced by the NH 3 conversion 
means and is supplied to the purification means. There- 
to fore, a sufficient amount of NH 3 for reducing NO x in the 
exhaust gas is supplied to the purification means. 
[0017] Further, since the fuel injected into the cylinder 
during the expansion stroke or the exhaust stroke does 
not generate output torque at the cylinder, the engine 

55 output torque is not affected by the fuel injection during 
the expansion stroke or the exhaust stroke. Therefore, 
according to the present invention, NO x in the exhaust 
gas is purified with high efficiency without causing fluc- 
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tuations in the output torque of the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention will be better understood 5 
from the description as set forth hereinafter, with refer- 
ence to the accompanying drawings in which: 



purification device according to the present inven- 
tion; 

Fig. 1 6 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 1 7 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 16; 
Fig. 18 is a flowchart explaining the fuel injection 
control operation performed in the exhaust gas pu- 
rifying operation in Fig. 16; 

Fig. 19 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 20 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 19; 
Figs. 21 and 22 are a flowchart explaining the fuel 
injection control operation performed in the exhaust 
gas purifying operation in Fig. 19; 
Fig. 23 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 24 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 25 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 26 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 27 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 

Fig. 28 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 23; and 
Fig. 29 is a diagram explaining the changes in the 
amounts of NO x absorbed in the NO x absorbing-re- 
ducing catalysts during the exhaust gas purifying 
operation in Fig. 28. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] Hereinafter, embodiments of the present in- 
vention will be explained, in detail, with reference to the 
accompanying drawings. In the accompanying draw- 
ings, the same reference numerals designate similar el- 
ements. In the embodiments explained hereinafter, 
Figs. 1, 8 through 10 and 23 through 26 show the em- 
bodiments in which all the exhaust gas from the cylin- 
ders flows through the NH 3 conversion means, and 
Figs. 12, 15, 16, 19 and 27 show the embodiments in 



Fig. 1 schematically illustrates the general configu- 
ration of an embodiment of the exhaust gas purifi- 10 
cation device according to the present invention; 
Fig. 2 is a sectional view of the cylinder for illustrat- 
ing the direct cylinder injection valve; 
Fig. 3 is a graph showing typical changes in the total 
conversion efficiency of NO x and in the production 15 
rate of NH 3 of a three-way catalyst in accordance 
with the change in the excess air ratio of the exhaust 
gas; 

Fig. 4 is a graph showing a typical changes in the 
amount of NO x produced in the cylinder and the 20 
amount of NH 3 produced by a three-way catalyst in 
accordance with the changes in the excess air ratio 
of the combustion in the cylinder and the exhaust 
gas; 

Fig. 5 is a graph showing the change in the amount 25 
of NH 3 produced by the three-way catalyst in ac- 
cordance with the change in the excess air ratios of 
the combustion in the cylinder and the exhaust gas; 
Fig. 6 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 1 ; 30 
Fig. 7 is aflowchart explaining the fuel injection con- 
trol operation performed in the exhaust gas purify- 
ing operation in Fig. 6; 

Fig. 8 schematically illustrates the general configu- 
ration of another embodiment of the exhaust gas 35 
purification device according to the present inven- 
tion; 

Fig. 9 schematically illustrates the general configu- 
ration of another embodiment of the exhaust gas 
purification device according to the present inven- 40 
tion; 

Fig. 10 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 
tion; 45 
Fig. 1 1 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 10; 
Fig. 12 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
purification device according to the present inven- 50 
tion; 

Fig. 1 3 is a flowchart explaining the exhaust gas pu- 
rifying operation of the embodiment in Fig. 12; 
Fig. 14 is a flowchart explaining the fuel injection 
control operation performed in the exhaust gas pu- 55 
rifying operation in Fig. 12; 

Fig. 15 schematically illustrates the general config- 
uration of another embodiment of the exhaust gas 
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which only the exhaust gas from specific cylinder(s) 
flows through the NH 3 conversion means and the ex- 
haust gas which has passed through the NH 3 conver- 
sion means mixes with the exhaust gas from other cyl- 
inders. 

[0020] Further, in the embodiments in Figs. 1, 8 
through 10, 12, 15, 16 and 19, a three-way catalyst is 
used as NH 3 conversion means. In these embodiments, 
Figs. 1,8, 12 and 1 5 represent the case where both of 
a NO x absorbing-reducing catalyst and a NH 3 adsorb- 
ing-denitrating catalyst are used as the purification 
means. In contrast to this, only the NO x absorbing-re- 
ducing catalyst is used in Fig. 10 and only the NH 3 ad- 
sorbing-denitrating catalyst is used in Figs. 10, 16 and 
17 as the purification means. 

[0021] Further, in the embodiments in Figs. 23 
through 27, the NO x absorbing-reducing catalyst is used 
as the NH 3 conversion means. Namely, the NO x absorb- 
ing-reducing catalysts in these embodiments are used 
as the NH 3 conversion means as well as the purification 
means. 

[0022] The three-way catalyst, the NO x absorbing-re- 
ducing catalyst and the NH 3 adsorbing-denitrating cat- 
alyst will be explained later in detail. 
[0023] Hereinafter, the respective embodiments will 
be explained. 

[0024] Fig. 1 shows the general configuration of an 
embodiment of the present invention when it is applied 
to a vehicle engine. In Fig. 1, reference numeral 1 des- 
ignates a multi-cylinder type internal combustion engine 
for an automobile. In this embodiment, the engine 1 is 
a 4-cylinder engine having No. 1 through No. 4 cylin- 
ders. As explained later, each of the cylinders is provid- 
ed with a direct cylinder injection valve (71 through 74 
in Fig. 1 ) which injects fuel directly into the cylinder and 
is operated at a lean air-fuel ratio during the normal op- 
eration of the engine. Namely, during the normal oper- 
ation of the engine, the combustion in the cylinders of 
the engine is performed at a lean air-fuel ratio. 
[0025] As can be seen from Fig. 1, the exhaust gas 
from No. 1 through No. 4 cylinders flows into a common 
exhaust gas passage 4 through an exhaust gas mani- 
fold 133. In the exhaust gas passage 4, a three-way cat- 
alyst 5 which acts as the NH 3 conversion means in this 
embodiment, and a NO x absorbing-reducing catalyst 7 
and a NH 3 adsorbing-denitrating catalyst 9, both act as 
purification means are disposed in this order from the 
upstream end. 

[0026] Numeral 30 in Fig. 1 designates a control cir- 
cuit of the engine 1 . The control circuit 30 may, for ex- 
ample, consist of a microcomputer of a conventional 
type which comprises a ROM (read-only memory), a 
RAM (random access memory), a CPU (microproces- 
sor). The control circuit 30 performs basic control of the 
engine such as a fuel injection control and an ignition 
timing control. 

[0027] Numeral 21 in Fig. 1 is an intake manifold con- 
necting the intake port of the respective cylinders to a 



common intake air passage 2. The direct cylinder injec- 
tion valve, as shown in Fig. 2, injects fuel directly into 
the cylinder in response to a fuel injection signal from 
the control circuit 30. In this embodiment, the direct cyl- 

5 inder injection valve of each cylinder injects fuel during 
the intake stroke or the compression stroke of the cylin- 
der in order to cause the combustion of air-fuel mixture 
with a lean air-fuel ratio in the cylinder. This fuel injection 
performed during the intake stroke or the compression 

10 stroke in order to cause the combustion in the cylinder 
is hereinafter referred to as "the primary fuel injection". 
[0028] Further, when it acts as the exhaust gas air- 
fuel ratio adjusting means, the direct cylinder injection 
valve injects fuel during the expansion stroke (prefera- 

15 bly, during the latter half thereof) or the exhaust stroke 
of the cylinder in addition to the primary fuel injection. 
By performing fuel injection during the expansion stroke 
or the exhaust stroke, fuel is further added to the com- 
bustion gas generated by the lean air-fuel ratio combus- 

20 tion in the cylinder and, thereby, the air-fuel ratio of the 
exhaust gas leaving the cylinder is adjusted to a rich air- 
fuel ratio. This fuel injection performed during the ex- 
pansion stroke or the exhaust stroke in order to adjust 
the air-fuel ratio of the exhaust gas at a rich air-fuel ratio 

25 is hereinafter referred to as "the additional fuel injec- 
tion". The fuel injected by the additional fuel injection 
does not burn in the cylinder, but is vaporized by the 
heat of the combustion gas in the cylinder and uniformly 
mixes with the combustion gas in the cylinder. There- 
to fore, a uniform mixture of exhaust gas and the vaporized 
fuel is discharged from the cylinder. Since the fuel in- 
jected by the additional fuel injection does not burn in 
the cylinder, it does not contribute to the generation of 
output torque at the cylinder. Therefore, the output 

35 torque of the respective cylinders stays the same even 
when the additional fuel injection is performed. Further, 
even when the additional fuel injection is performed only 
in the specific cylinder(s) of the engine, fluctuations in 
the engine output torque does not occur. 

40 [0029] Usually, fuel such as gasoline or diesel fuel 
contains a large amount of hydrocarbons having rela- 
tively large molecular weights. When such fuel is inject- 
ed into the cylinder by the additional fuel injection, a 
cracking of the heavy hydrocarbons occurs due to a high 

45 temperature and a high pressure in the cylinder, and hy- 
drocarbons having smaller molecular weights are pro- 
duced. These hydrocarbons having smaller molecular 
weights easily produce CO and H 2 in the exhaust gas 
by water gas reactions. Therefore, when the additional 

50 fuel injection is performed, the exhaust gas leaving the 
cylinders contains relatively large amounts of CO, H 2 
and active light hydrocarbons. 

[0030] In this embodiment, the primary fuel injection 
may be performed during the intake stroke of the cylin- 
55 der in order to form a uniform air-fuel mixture with a lean 
air-fuel ratio in the cylinder. In this case, a lean air-fuel 
ratio combustion of a uniform air-fuel mixture occurs in 
the cylinder. Alternatively, the primary fuel injection may 
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be performed during the period from the latter half of the 
intake stroke to the former half of the compression 
stroke in order to stratify a combustible air-fuel mixture 
near the ignition plug. In this case, a lean air-fuel ratio 
stratified charge combustion occurs in the cylinder. 
[0031] Next, the three-way catalyst 5 in this embodi- 
ment will be explained. 

[0032] The three-way catalyst 5 uses, for example, a 
honeycomb type substrate made of cordierite, and a thin 
alumina layer, which acts as a carrier for the catalyst, is 
coated on the surface of the substrate. On this carrier, 
precious metals such as platinum Pt, rhodium Rh, and 
palladium Pd are attached. The three-way catalyst 5 
converts HC, CO, NO x in the exhaust gas with high ef- 
ficiency when the air-fuel ratio of the exhaust gas is the 
stoichiometric air-fuel ratio (i.e., excess air ratio %= 1.0). 
The conversion rates of HC and CO become higher than 
that of the stoichiometric air-fuel ratio when the air-fuel 
ratio becomes lean (X > 1 .0). Conversely, the conversion 
rate of NO x becomes higher than that of the stoichio- 
metric air-fuel ratio when the air-fuel ratio becomes rich 
(X< 1.0). 

[0033] As stated before, most of the NO x in the ex- 
haust gas from the engine 1 consists of NO. When X is 
smaller than 1.0 (i.e., when the air-fuel ratio of the ex- 
haust gas is rich), a part of this NO is converted by the 
three-way catalyst 5 by reducing reactions 

2CO + 2NO -> N 2 +2C0 2 , 

and 

2H 2 +2NO N 2 +2H 2 0. 

[0034] However, a remaining part of NO is converted 
to NH 3 by the reaction 

5H 2 +2NO 2NH 3 + 2H 2 0. 

[0035] The conversion rate of NO to NH 3 becomes 
higher as the amount of rhodium Rh contained in the 
three-way catalyst increases. Further, as a catalytic 
component, palladium Pd shows a relatively high con- 
version rate of NO to NH 3 , and also shows a high oxi- 
dizing ability for HC and CO. 

[0036] In this embodiment, since NH 3 is used for re- 
ducing NO x on the denitrating catalyst 9 downstream of 
the three-way catalyst 5, it is preferable to produce as 
much NH 3 as possible at the three-way catalyst 5. 
Therefore, three-way catalyst 5 in this embodiment car- 
ries a relatively large amount of rhodium Rh or palladium 
Pd. 

[0037] Fig. 3 shows the changes in the total conver- 
sion rate of NO x (i.e., the ratio of the amount of NO x 
converted to N 2 and NH 3 to the amount of NO x flowing 



into the catalyst) and the production rate of NH 3 (i.e., 
the ratio of the amount of NO x converted to NH 3 to the 
amount of NO x flowing into the catalyst) of the th ree-way 
catalyst 5 in accordance with the change in the air-fuel 

5 ratio of the exhaust gas. As can be seen from Fig. 3, the 
total conversion rate of NO x (the solid line in Fig. 3) rap- 
idly decreases as the air-fuel ratio of the exhaust gas 
becomes larger than the stoichiometric air-fuel ratio (X 
= 1 .0). Therefore, when the exhaust gas flowing into the 

10 three-way catalyst 5 becomes lean (X > 1 .0), the amount 
of NO x passing through the three-way catalyst 5 without 
being converted to N 2 and NH 3 rapidly increases. 
[0038] Conversely, when the air-fuel ratio becomes 
rich, the total conversion rate of NO x increases and be- 

15 comes almost 100% when the excess air ratio X of the 
exhaust gas is smaller than approximately 0.95. There- 
fore, when the excess air ratio of the exhaust gas is 
smaller than 0.95, all of the NO x in the exhaust gas flow- 
ing into the catalyst 5 is converted to N 2 and NH 3 , and 

20 the exhaust gas flowing out from the catalyst 5 does not 
contain NO x . 

[0039] The production rate of NH 3 (the broken line in 
Fig. 3) is almost zero when the air-fuel ratio becomes 
higher than the stoichiometric air-fuel ratio. However, . 
25 in the region X < 1 .0, the production rate of NH 3 increas- 
es as the excess air ratio X decreases, and becomes 
substantially constant in the region where X < 0.95. 
Therefore, when the excess air ratio of the exhaust gas 
is in the region X < 0.95, all of the NO x is converted to 
30 N 2 and NH 3 and, further, the production rate of NH 3 be- 
comes the maximum. 

[0040] Next, the NO x absorbing-reducing catalyst 7 in 
this embodiment will be explained. 
[0041] The NO x absorbing-reducing catalyst 7 in this 
35 embodiment uses, for example, an alumina as a carrier 
and, on this carrier, precious metals such as platinum 
Pt and at least one substance selected from alkali met- 
als such as potassium K, sodium Na, lithium Li and ce- 
sium Cs; alkali-earth metals such as barium Ba and cal- 
40 cium Ca; and rare-earth metals such as lanthanum La 
and yttrium Y are carried. The NO x absorbing-reducing 
catalyst 7 absorbs NO x in the exhaust gas in the form 
of nitric acid ions when the air-fuel ratio of the exhaust 
gas is lean (i.e., when the excess air ratio X is larger 
45 than 1 .0), and releases the absorbed NO x when the ex- 
cess air ratio X of the exhaust gas flowing the NO x ab- 
sorbing-reducing catalyst becomes smaller than 1.0 (i. 
e., the air-fuel ratio becomes rich). 
[0042] Namely, considering the case where platinum 
50 pt and barium Ba are carried on the NO x absorbing-re- 
ducing catalyst 7, when the concentration of 0 2 in the 
exhaust gas increases, i.e., when the excess air ratio X 
of the exhaust gas becomes larger than 1 .0, the oxygen 
0 2 in the exhaust gas is deposited on the surface of plat- 
55 inum Pt in the form of 0 2 - or 0 2 \ The NO in the exhaust 
gas reacts with 0 2 _ or O 2- on the surface of the platinum 
Pt and becomes N0 2 by the reaction 2NO + 0 2 2N0 2 . 
Then, N0 2 in the exhaust gas and the N0 2 produced on 
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the platinum Pt are further oxidized on the surface of 
platinum Pt and absorbed into the catalyst while bonding 
with the barium oxide BaO and diffusing in the catalyst 
in the form of nitric acid ions N0 3 \ Thus, NO x in the ex- 
haust gas is absorbed by the NO x absorbing-reducing 
catalyst 7 when the excess air ratio X of the exhaust gas 
is larger than 1 .0. 

[0043] On the other hand, when the oxygen concen- 
tration in the exhaust gas becomes low, i.e., when the 
excess air ratio X of the exhaust gas becomes X < 1 .0, 
the production of N0 2 on the surface of the platinum Pt 
is lowered and the reaction proceeds in an inverse di- 
rection (N0 3 _ N0 2 ), and thus nitric acid ions N0 3 " in 
the catalyst are released, in the form of N0 2 , from the 
NO x absorbing-reducing catalyst 7. 
[0044] In this case, if a reducing substance such as 
NH 3 , CO, H 2 , or a substance such as HC, C0 2 exist in 
the exhaust gas, released NO x is reduced on the plati- 
num Pt by these components. 

[0045] As explained before, when the additional fuel 
injection is performed, the exhaust gas leaving the cyl- 
inders of the engine 1 contains a large amount of HC, 
CO, and C0 2 as well as H 2 produced by the water gas 
reactions. Further, in this condition, a part of NO x in the 
exhaust gas reacts with H 2 and CO in the exhaust gas 
at the three-way catalyst 5 and produces NH 3 in the ex- 
haust gas. Therefore, when the additional fuel injection 
is performed, the NO x released from the NO x absorbing- 
reducing catalyst 7 is reduced to N 2 by HC, CO, H 2 and 
NH 3 in the exhaust gas. Especially, since the reducing 
ability of NH 3 is large, NO x is reduced with high efficien- 
cy as the concentration of NH 3 in the exhaust gas be- 
comes higher. 

[0046] In addition, the NO x absorbing-reducing cata- 
lyst also converts NO x in the exhaust gas to NH 3 by a 
mechanism exactly the same as that of the three-way 
catalyst. Therefore, a NO x absorbing-reducing catalyst 
can be used as the NH 3 conversion means in lieu of the 
three-way catalyst. Embodiments in which the NO x ab- 
sorbing-reducing catalyst is used as the NH 3 conversion 
means will be explained later. 

[0047] Next, the NH 3 adsorbing-denitrating catalyst 9 
in this embodiment will be explained. 
[0048] The NH 3 adsorbing-denitrating catalyst in the 
embodiments of the present invention uses, for exam- 
ple, a honeycomb type substrate made of cordierite, and 
an alumina layer which acts as a carrier for the catalyst 
is coated on the cell surface of the honeycomb sub- 
strate. On this carrier, at least one substance selected 
from elements belong to the fourth period or the eighth 
group in the periodic table of elements, such as copper 
Cu, chrome Cr, vanadium V, titanium Ti, iron Fe, nickel 
Ni, cobalt Co, platinum Pt, palladium Pd, rhodium Rh 
and iridium Ir are carried as a catalyst. Further, in this 
embodiment, "an NH 3 adsorbing substance", which is 
explained later, is also attached to the substrate of the 
NH 3 adsorbing-denitrating catalyst 9 in order to provide 
the catalyst 9 with an NH 3 adsorbing capability. 



[0049] The NH 3 adsorbing-denitrating catalyst is ca- 
pable of converting all the NH 3 in the exhaust gas flow- 
ing into the catalyst to N 2 provided the exhaust gas is in 
an oxidizing atmosphere (i.e., X > 1 .0) and the temper- 

5 ature of the catalyst is within a specific temperature 
range as determined by the substance being used as 
the catalyst. Namely, when the temperature of the NH 3 
adsorbing-denitrating catalyst 9 is in the specific tem- 
perature range and the excess air ratio X of the exhaust 

10 gas flowing into the catalyst is larger than 1 .0, the den- 
itrating reactions 

8NH 3 + 6N0 2 -> 12H 2 0 + 7N 2 



4NH 3 + 4NO + 0 2 -> 6H 2 0 + 4N 2 

occur in the NH 3 adsorbing-denitrating catalyst, in 
20 addition to the oxidizing reactions 

4NH 3 + 70 2 -> 4N0 2 + 6H 2 0 



4NH 3 + 50 2 -> 4NO + 6H 2 0 

[0050] Due to these denitrating reactions, the NO x 
components produced by the oxidizing reactions are im- 
mediately converted to the N 2 component. As a result, 
of these sequential reactions, all of the NH 3 flowing into 
the NH 3 adsorbing-denitrating catalyst 9 is converted to 
N 2 . 

[0051] Further, if the exhaust gas contains NO x in ad- 
dition to NH 3 , NO x is reduced by the above-explained 
denitrating reactions to N 2 . In this case, if the amount of 
NH 3 in the exhaust gas is larger than the amount re- 
quired to reduce all the NO x contained in the exhaust 
gas, a surplus of NH 3 is converted to N 2 by the above- 
explained sequential oxidizing and denitrating reactions 
and does not pass through the NH 3 adsorbing-denitrat- 
ing catalyst 9. Further, if HC and CO are contained in 
the exhaust gas in addition to NH 3 , HC and CO are ox- 
idized by the NH 3 adsorbing-denitrating catalyst 9 and 
do not pass through the NH 3 adsorbing-denitrating cat- 
alyst provided the excess air ratio X of the exhaust gas 
is larger than 1 .0. 

[0052] The specific temperature range explained 
above varies in accordance with the substance used as 
the catalyst. However, the specific temperature range of 
the NH 3 adsorbing-denitrating catalyst is generally low- 
er than the temperature range where other catalysts 
such as the three-way catalyst are used. For example, 
the specific temperature range is approximately 100°C 
- 400°C when the substance such as platinum Pt, pal- 
ladium Pd, rhodium Rh are used as the catalyst. More 
specifically, when platinum Pt is used, a temperature 
range 1 00°C - 300°C is more preferable, and a temper- 
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ature range 150°C to 250°C is most preferable. When 
palladium Pd and rhodium Rh are used, a temperature 
range 1 50°C - 400°C is more preferable, and a temper- 
ature range 150°C to 300°C is most preferable. Further, 
when substances such as copper Cu, chrome Cr and 
iron Fe are used, the specific temperature range is ap- 
proximately 150°C - 650°C, and a temperature range 
150°C - 500°C is preferable. 

[0053] When the temperature of the NH 3 adsorbing- 
denitrating catalyst is above the specific temperature 
range, the oxidizing reactions become dominant in the 
catalyst and the amount of NH 3 which is oxidized by the 
catalyst increases. Thus, the denitrating reactions hard- 
ly occur in the catalyst due to the shortage of NH 3 in the 
exhaust gas, and the NO x produced by the oxidizing re- 
actions flows out from the NH 3 adsorbing-denitrating 
catalyst without being reduced by the denitrating reac- 
tions. 

[0054] On the other hand, when the temperature of 
NH 3 adsorbing-denitrating catalyst is below the specific 
temperature range, the oxidizing reactions hardly occur 
due to the low temperature. This causes the NH 3 in the 
exhaust gas to pass through the NH 3 adsorbing-deni- 
trating catalyst without being oxidized due to the short- 
age of NO x produced by the oxidizing reactions. 
[0055] In the embodiments explained below, the NH 3 
adsorbing-denitrating catalyst 9 is disposed in the ex- 
haust gas passage 4 at the position where the temper- 
ature of the catalyst 9 falls within the specific tempera- 
ture range as explained above during the operation of 
the engine 1. The temperature of the NH 3 adsorbing- 
denitrating catalyst 9 may be controlled in the specific 
temperature range by providing a cooling water jacket 
or cooling fins to the NH 3 adsorbing-denitrating catalyst 
9. 

[0056] Next, the NH 3 adsorbing substance attached 
to the substrate of the catalyst 9 will be explained. It is 
known in the art that an acidic inorganic substance 
(which includes Broensted acids such as zeolite, silica 
Si0 2 , silica-alumina Si0 2 -Al 2 0 3 , and titania Ti0 2 as well 
as Lewis acids including oxides of transition metals such 
as copper Cu, cobalt CO, nickel Ni and iron Fe) adsorb 
NH 3 , and especially when the temperature is low, the 
substances adsorb a large amount of NH 3 . In this em- 
bodiment, one or more of these acidic inorganic sub- 
stances is carried on the substrate of the NH 3 adsorb- 
ing-denitrating catalyst 9, or the substrate itself may be 
formed by a porous material made of such acidic inor- 
ganic substances. When the concentration of NH 3 in the 
exhaust gas is high, NH 3 in the exhaust gas is adsorbed 
by the acidic inorganic substance of the NH 3 adsorbing- 
denitrating catalyst 9, further, when the concentration of 
NH 3 in the exhaust gas becomes low, the NH 3 adsorbed 
in the acidic inorganic substance is released. Therefore, 
the NH 3 adsorbing-denitrating catalyst 9 is capable of 
reducing NO x by the denitrating reactions, even when 
NH 3 does not exist in the exhaust gas, using the NH 3 it 
has adsorbed when the NH 3 concentration was high. 



[0057] As an NH 3 adsorbing-denitrating catalyst 9, 
other types of catalyst may be used. For example, a cat- 
alyst which uses, for example, zeolite ZSM-5 as a sub- 
strate, with metals such as copper Cu, iron Fe or plati- 

5 num Pt attached thereto by an ion exchange method (a 
copperzeolite catalyst, an iron-zeolite catalyst, plati- 
num-zeolite catalyst, respectively) may be used as the 
NH 3 adsorbing-denitrating catalyst. Alternatively, a sub- 
strate made of zeolite such as mordenite and a precious 

10 metal such as platinum Pt and/or other metals attached 
thereon (for example, a platinum-mordenite catalyst or 
a platinum-copper-mordenite catalyst) can also be used 
as the NH 3 adsorbing-denitrating catalyst. These zeolite 
NH 3 adsorbing-denitrating catalysts trap NH 3 , HC and 

15 CO components in the exhaust gas in the pores of the 
porous zeolite, and selectively reduce NO x in the ex- 
haust gas using these trapped components (as well as 
NH 3 , HC, CO in the exhaust gas) even in an oxidizing 
atmosphere. 

20 [0058] Next, the exhaust gas purifying operation of 
the embodiment in Fig. 1 will be explained. 
[0059] In the explanation hereinafter, the term "an air- 
fuel ratio of the combustion" (or "an excess air ratio of 
the combustion") means an air-fuel ratio (an excess air 

25 ratio) of the air-fuel mixture in the whole cylinder in the 
case where the combustion of the uniform air-fuel mix- 
ture as explained before takes place in the cylinder and, 
an air-fuel ratio (an excess air ratio) of the stratified air- 
fuel mixture in the case where the stratified charge corn- 
so bustion takes place in the cylinder. 

[0060] In the embodiment in Fig. 1, all of the No. 1 
through No. 4 cylinders are operated at a lean air-fuel 
ratio during the normal operation. In this case, the ex- 
cess air ratio of the combustion in the respective cylin- 

35 ders is set at a value at which the amount of NO x pro- 
duced by the combustion becomes as small as possible 
(for example, X = 1 .4). Further, the additional fuel injec- 
tion is not performed during the normal operation. 
Therefore, the exhaust gas leaving the cylinders during 

40 the normal operation is at a lean air-fuel ratio and con- 
tains a relatively small amount of NO x . This lean air-fuel 
ratio exhaust gas flows into the three-way catalyst 5 dur- 
ing the normal operation. However, since the conversion 
efficiency of NO x falls rapidly when the air-fuel ratio of 

45 the exhaust gas is lean as explained in Fig. 3, a large 
part of the NO x in the exhaust gas passes through the 
three-way catalyst 5 without being reduced and flows 
into the NO x absorbing-reducing catalyst 7. Since the 
NO x absorbing-reducing catalyst 7 absorbs NO x when 

50 the exhaust gas is at a lean air-fuel ratio, the NO x pass- 
ing through the three-way catalyst 5 without being re- 
duced is absorbed in the NO x absorbing-reducing cata- 
lyst 7. 

[0061] Namely, NO x produced by the lean air-fuel ra- 
55 tio combustion in the cylinder during the normal opera- 
tion is stored temporarily in the NO x absorbing-reducing 
catalyst 7. Therefore, if the normal operation of the en- 
gine continues for a long time, the amount of the NO x 
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absorbed in the NO x absorbing-reducing catalyst 7 in- 
creases and this may cause the NO x absorbing-reduc- 
ing catalyst to be saturated with the absorbed NO x . In 
order to prevent this problem, the additional fuel injec- 
tion is performed on all cylinders for a short period when 
the amount of NO x absorbed in the NO x absorbing-re- 
ducing catalyst 7 increases. By performing the addition- 
al fuel injection, the air-fuel ratio of the exhaust gas from 
the cylinders shifts to a rich air-fuel ratio, and a part of 
NO x in the exhaust gas is converted into NH 3 on the 
three-way catalyst 5. Thus, when the additional fuel in- 
jection is started, a rich air-fuel ratio exhaust gas con- 
taining a relatively large amount of NH 3 flows into the 
NO x absorbing-reducing catalyst 7 and, thereby, the 
NO x absorbed in the NO x absorbing-reducing catalyst 
7 is released due to the rich air-fuel ratio exhaust gas 
and is reduced by NH 3 , HC and CO in the exhaust gas. 
[0062] As explained above, NO x absorbed in the NO x 
absorbing-reducing catalyst 7 is released and reduced 
by shifting the air-fuel ratio of the exhaust gas to a rich 
air-fuel ratio by performing the additional fuel injection 
periodically for a short time during the normal operation. 
In this specification, the operation for shifting the air-fuel 
ratio of the exhaust gas to a rich air-fuel ratio in order to 
cause the NO x absorbing-reducing catalyst 7 to release 
the absorbed NO x is referred to as "a rich spike opera- 
tion". 

[0063] In order to reduce all of the NO x released from 
the NO x absorbing-reducing catalyst 7, a large amount 
of NH 3 is required during the rich spike operation. There- 
fore, the air-fuel ratio of the combustion in the cylinder 
during the rich spike operation is set at a value where 
the amount of NO x produced by the combustion be- 
comes the maximum (for example, at the excess air ratio 
X = 1 .4) in order to increase the amount of NO x supplied 
to three-way catalyst 5 and converted into NH 3 thereon. 
Further, the amount of additional fuel injection is set in 
such a manner that the air-fuel ratio of the exhaust gas 
after the additional fuel injection becomes a value where 
the conversion rate of NO x into NH 3 by the three-way 
catalyst 5 becomes the maximum (for example, at the 
excess air ratio X = 0.95). 

[0064] Next, the function of the NH 3 adsorbing-deni- 
trating catalyst 9 in this embodiment will be explained. 
In this embodiment, a relatively large amount of NH 3 is 
produced at the three-way catalyst 5 during the rich 
spike operation. Therefore, in some cases, a surplus of 
NH 3 , which is not used for reducing NO x on the NO x 
absorbing-reducing catalyst 7 passes through the NO x 
absorbing-reducing catalyst 7. This surplus of NH 3 is ad- 
sorbed by the NH 3 adsorbing-denitrating catalyst 9 and 
stored temporarily therein. On the other hand a small 
amount of NO x also passes through the NO x absorbing- 
reducing catalyst 7 during the normal operation and 
flows into the NH 3 adsorbing-denitrating catalyst 9. In 
this embodiment, NO x passing through the NO x absorb- 
ing-reducing catalyst 7 during the normal operation is 
reduced by the NH 3 adsorbing-denitrating catalyst 9 us- 



ing the NH 3 adsorbed and stored therein during the rich 
spike operation. Therefore, in this embodiment, the total 
conversion efficiency of NO x is improved by the NH 3 ad- 
sorbing-denitrating catalyst 9 disposed in the exhaust 
5 gas passage downstream of the NO x absorbing-reduc- 
ing catalyst 7. 

[0065] As explained above, the amount of NH 3 pro- 
duced by the three-way catalyst 5 largely increases by 
performing the additional fuel injection. The reason why 
10 the amount of the NH 3 production increases due to the 
additional fuel injection will be explained with reference 
to Figs. 4 and 5. 

[0066] In Fig. 4, the broken line represents the change 
in the amount (the concentration) of NO x produced by 

15 the combustion in the cylinder in accordance with the 
change in the excess air ratio X of the combustion. As 
can be seen from Fig. 4, the amount of the NO x produc- 
tion increases as the excess air ratio X becomes large 
in the region where the X is relatively small. The amount 

20 of the NO x production in the exhaust gas reaches its 
maximum value at X = 1 .2 and, in the region where X > 
1.2, the NO x production decreases as the X increases. 
In the embodiment in Fig. 1, since the excess air ratio 
of the exhaust gas flowing into the three-way catalyst 5 

25 is the same as the excess air ratio of the combustion in 
the cylinder when the additional fuel injection is not per- 
formed, the amount of NO x in the exhaust gas flowing 
into the three-way catalyst 5 changes in accordance 
with the excess air ratio X as shown by the broken line 

30 in Fig. 4 when the additional fuel injection is not per- 
formed. As explained before, the production rate of NH 3 
by the three-way catalyst 5 ((i.e., the ratio of the amount 
of NO x converted to NH 3 to the amount of NO x flowing 
into the catalyst 5) changes in accordance with the ex- 

35 cess air ratio of the exhaust gas as shown in Fig. 3. 
Since the amount of NH 3 actually produced at the three- 
way catalyst 5 is given by the product of the amount of 
NO x in the exhaust gas (the broken line in Fig. 4) and 
the production rate of NH 3 (the broken line in Fig. 3), the 

40 amount of NH 3 actually produced at the three-way cat- 
alyst changes in accordance with the excess air ratio X 
of the combustion as shown by the solid line in Fig. 4. 
Namely, as can be seen from the solid line in Fig. 4, 
when the excess air ratio X of the combustion is larger 

45 than 1.0, NH 3 is not produced at all even though the 
amount of NO x produced by the combustion is relatively 
large. In contrast to this, when the X of the combustion 
is smaller than 1.0, though the production rate of NH 3 
of the three-way catalyst increases, the amount of NO x 

50 actually produced by the three-way catalyst 5 becomes 
relatively small since the amount of NO x produced by 
the combustion becomes small in this region of X. Fur- 
ther, though the production rate of NH 3 becomes maxi- 
mum when the excess air ratio X becomes smaller than 

55 about 0.95, since the amount of NO x in the exhaust gas 
further decreases, the amount of the NH 3 production de- 
creases as the excess air ratio X of the combustion de- 
creases. Therefore, as can be seen from the solid line 
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in Fig. 4, though the amount of NH 3 produced by the 
three-way catalyst becomes the maximum at X = 0.95, 
the amount of NH 3 actually produced is small even at X 
= 0.95. 

[0067] Thus, when the excess air ratio of the combus- 
tion in the cylinder and the excess air ratio of the exhaust 
gas flowing into the three-way catalyst 5 is the same, 
the excess air ratio of the combustion must be set at the 
value smaller than 1.0 in order to produce NH 3 at the 
three-way catalyst 5. This causes the decrease in the 
amount of NO x produced in the cylinder, and the amount 
of NH 3 actually produced at the three-way catalyst 5 al- 
so decreases due to the decrease in the raw material 
(NO x ) in the exhaust gas used for producing NH 3 . 
[0068] Fig. 5 is a graph similar to Fig. 4, showing the 
amount of NH 3 produced by the three-way catalyst 5 
when the additional fuel injection is performed. By per- 
forming the additional fuel injection, the excess air ratio 
of the exhaust gas flowing into the three-way catalyst 5 
can be changed independently from the excess air ratio 
of the combustion in the cylinder. Therefore, the excess 
air ratio of the exhaust gas flowing into the three-way 
catalyst 5 can be set at 0.95 where the production rate 
of NH 3 becomes the maximum while fixing the excess 
air ratio of the combustion in the cylinder at 1.2 where 
the amount of NO x produced by the combustion be- 
comes the maximum. The solid line in Fig. 5 represents 
the amount of NH 3 produced at the three-way catalyst 
5 when the excess air ratio of the combustion in the cyl- 
inder is fixed at X = 1 .2. In this case, the amount of NH 3 
produced at the catalyst 5 changes in the manner similar 
to the solid line in Fig. 3 and, when the excess air ratio 
of the exhaust gas flowing into the catalyst 5 becomes 
lower than about 0.95, a large amount of NH 3 is pro- 
duced by the three-way catalyst 5. 
[0069] Further, when the additional fuel injection is 
performed, the amount of the smaller molecular weight 
hydrocarbons increases due to the cracking of fuel in- 
jected by the additional fuel injection. Smaller molecular 
weight (light) hydrocarbons have higher activities com- 
pared to heavy hydrocarbons and readily produce CO 
and H 2 , by the water gas reactions, on the three-way 
catalyst. As explained before, CO and H 2 are required 
for converting NO x to NH 3 . Therefore, since the amount 
of CO and H 2 are also increased due to the additional 
fuel injection, the amount of NH 3 produced at the three- 
way catalyst further increases due to the additional fuel 
injection. Further, the light hydrocarbons, CO and H 2 in 
the exhaust gas are very capable of reducing NO x by 
themselves on the NO x absorbing-reducing catalyst and 
NH 3 adsorbing-denitrating catalyst. Therefore, light hy- 
drocarbons, CO and H 2 produced by the additional fuel 
injection are utilized to reduce NO x at the NO x absorb- 
ing-reducing catalyst and NH 3 adsorbing-denitrating 
catalyst even if those components are not converted into 
NH 3 at the three-way catalyst. 

[0070] In the embodiment in Fig. 1 , the excess air ratio 
of the combustion in the cylinders is set at X = 1 .2 during 



the rich spike operation, and the excess air ratio of the 
exhaust gas flowing into the three-way catalyst 5 is ad- 
justed at X= 0.95 by the additional fuel injection in order 
to increase the amount of NH 3 produced at the three- 

5 way catalyst 5 to the maximum. 

[0071 ] Fig. 6 is a flowchart explaining the exhaust gas 
purifying operation of the present embodiment. This op- 
eration is performed by a routine executed by the control 
circuit 30 at predetermined intervals. 

10 [0072] In Fig. 6, at step 601 , the operation determines 
whether the value of a lean operation flag FL is set at 1 . 
The value of the lean operation flag FL represents 
whether the rich spike operation (and the additional fuel 
injection) should be performed and, FL = 1 means that 

15 the rich spike operation should not be performed. When 
FL = 1 at step 601 , this means that the exhaust gas with 
the excess air ratio same as that of the combustion in 
the cylinders flows into the three-way catalyst 5. The val- 
ue of the flag FL is set at steps 609 and 61 7 as explained 

20 later. 

[0073] If FL = 1 at step 601, the operation performs 
step 603 and 605 to calculate the amount FNOX of NO x 
absorbed and stored in the NO x absorbing-reducing cat- 
alyst 7. 

25 [0074] In this embodiment, the amount of NO x pro- 
duced by the engine 1 per unit time (ANOX) is actually 
measured beforehand by operating the actual engine 
under various engine load conditions (such as air intake 
amount Q, engine speed N), and the measured amounts 
30 of produced NO x are stored in the ROM of the ECU 30 
in the form of a numerical table using the engine air in- 
take amount Q and speed N as parameters. At step 603, 
the amount of NO x (ANOX) produced by the engine per 
unit time is determined from this numerical table based 
35 on Q and N. The unit time used for measuring ANOX is 
set at, for example, a time the same as the interval of 
the execution of the routine for performing the operation 
in Fig. 6. At step 605, the amount FNOX of NO x stored 
in the NO x absorbing-reducing catalyst is obtained by 
40 accumulating the values of ANOX. The amount of NO x 
absorbed in the NO x absorbing-reducing catalyst per 
unit time is proportional to the amount of NO x flows into 
the catalyst per unit time (i.e. ANOX). Since FNOX is 
the integrated value of ANOX, the value of FNOX rep- 
45 resents the amount of NO x stored in the NO x absorbing- 
reducing catalyst. 

[0075] After calculating the amount FNOX, the oper- 
ation determines whether the amount FNOX, i.e., the 
amount of NO x stored in the NO x absorbing-reducing 
50 catalyst 7 reaches a predetermined value FNOX 0 . The 
value FNOX 0 corresponds to an amount of the absorbed 
NO x where the capability of the NO x absorbing-reducing 
catalyst for absorbing NO x in the exhaust gas starts to 
decrease and, in this embodiment, is set at a value 
55 around 70% of the maximum amount of NO x which the 
NO x absorbing-reducing catalyst can store (i.e., about 
70% of the saturating amount). If FNOX < FNOX 0 at step 
607, since the NO x absorbing-reducing catalyst still has 
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a sufficient capacity for absorbing NO x in the exhaust 
gas, the operation immediately terminates, i.e., the lean 
air-fuel ratio operation of the engine is continued. 
[0076] However, if FNOX > FNOX 0 at step 607, since 
the ability of the NO x absorbing-reducing catalyst start- 
ed to decrease due to the increase in the absorbed NO x , 
the operation performs step 609 to reset the value of the 
lean operation flag FL to 0 and step 611 to determine 
the value of a counter CT which represents the length 
of the period for performing the rich spike operation. 
[0077] The value of the counter CT, i.e., the length of 
the period for performing the rich spike operation must 
be determined in such a manner that the total amount 
of NH 3 , HC and CO produced by the additional fuel in- 
jection during the rich spike operation is sufficiently large 
for reducing the amount of NO x stored in the NO x ab- 
sorbing-reducing catalyst 7. Though the amount of the 
NO x when the rich spike operation starts is a fixed value 
(for example, about 70% of the saturation amount), the 
amount of NO x and HC, CO produced by the engine per 
unit time varies depending on the operating condition 
(air intake amount Q and engine speed N) of the engine 
during the rich spike operation. Therefore, the amount 
of NH 3 produced at the three-way catalyst 5 per unit time 
also varies depending on the operating condition of the 
engine. Thus, in this embodiment, the length of the pe- 
riod for performing the rich spike operation is changed 
in accordance with the operating condition of the engine 
so that a sufficient amount of NH 3 , for reducing all the 
NO x stored in the NO x absorbing-reducing catalyst 7 is 
produced during the rich spike operation. For example, 
when the amount of NO x produced by the engine per 
unit time is small, the length of the period for performing 
the rich spike operation (the additional fuel injection) 
must be set longer, and if the amount of NO x produced 
by the engine per unit time is large, the length of the 
period must be set shorter in this embodiment. 
[0078] In this embodiment, the amount of NH 3 re- 
quired for reducing the amount of NO x corresponding to 
the value FNOX 0 of the counter FNOX is measured pre- 
viously, and the time required for producing this amount 
of NH 3 on the NH 3 conversion means are measured by 
operating the engine under various load conditions. The 
measured time required for producing the required 
amount of NH 3 for reducing the amount of NO x corre- 
sponding to the value FNOX 0 is stored in the ROM of 
the control circuit 30 in the form of a numerical table us- 
ing Q and N as parameters. The required time CT is de- 
termined from Q and N at step 611 using this numerical 
table. 

[0079] When the value of the lean operation flag FL 
is set to 0 (step 609), step 613 is performed after step 
601 when the operation is next performed. In the steps 
61 3 through 61 9, the value of the counter CT is reduced 
by At every time the operation is performed at step 615 
(At is the interval of the execution of the operation). 
When the time CT has elapsed, i.e., when the value of 
the CT becomes less than 0 at step 613, the value of 



the lean operation flag FL is set to 1 at step 61 7. Further, 
the counter FNOX which represents the amount of NO x 
stored in the NO x absorbing-reducing catalyst 7 is reset 
to 0 at step 61 9. By the operation in Fig. 6, the rich spike 

5 operation is performed for a time period CT determined 
by the engine operating condition. During the rich spike 
operation, the additional fuel injection is performed for 
adjusting the air-fuel ratio of the exhaust gas to a rich 
air-fuel ratio. Therefore, the exhaust gas with a rich air- 

10 fuel ratio and containing a large amount of NO x flows 
into the three-way catalyst 5 and, thereby, a large 
amount of NH 3 is produced at the three-way catalyst 5. 
Thus, the exhaust gas flowing through the three-way 
catalyst 5 which contains a large amount of NH 3 is sup- 

15 plied to the NO x absorbing-reducing catalyst 7, and the 
NO x released from the NO x absorbing-reducing catalyst 
7 is reduced by reacting with NH 3 in the exhaust gas. 
[0080] When the predetermined time CT has elapsed, 
the lean operation flag FL is set to 1 (step 61 7), and the 

20 lean air-fuel ratio operation of the engine is resumed. 
Thus, the NO x absorbing-reducing catalyst 7, after re- 
leasing and reducing all the absorbed NO x , restarts the 
absorbing of NO x in the exhaust gas. 
[0081 ] Fig. 7 is a flowchart explaining the fuel injection 

25 control operation in the present embodiment. This op- 
eration is performed by a routine executed by the control 
circuit 30 at a predetermined rotation angle of the crank- 
shaft of the engine 1 . 

[0082] In Fig. 7, at step 701 , the operation determines 
30 whether the value of the lean operation flag FL is set at 
1. The fuel injection is performed in steps 703 through 
715 in accordance with the value of the flag FL. 
[0083] When FL = 1 at step 701, i.e., when the rich 
spike operation is not performed, the excess air ratio X B 
35 of the combustion of the respective cylinders is set at 
X LL at step 703. X L] _ is an excess air ratio of the combus- 
tion where the amount of NO x produced by the combus- 
tion becomes small and, in this embodiment, X LL is set 
at about 1 .4. If FL # 1 at step 701 , i.e., if the rich spike 
40 operation is being performed, X B of the respective cyl- 
inders is set at a value X L where the amount of NO x pro- 
duced by the combustion becomes the maximum (X L = 
1.2). 

[0084] When the excess air ratio X B of the respective 
45 cylinders is set at either of steps 703 and 705, the fuel 
injection amount required for setting the excess air ratio 
of the combustion at X B is calculated by the fuel injection 
amount calculating operation (not shown) performed by 
the control circuit 30. In this embodiment, the required 
50 fuel injection amount is calculated based on, for exam- 
ple, an air intake amount per one revolution of the en- 
gine (Q/N). 

[0085] Then, at step 707, the operation determines 
whether it is the primary fuel injection timing of any one 
55 of the cylinders. If it is the primary fuel injection timing 
of any of the cylinders, the primary fuel injection is per- 
formed in that cylinder. Thus, combustion with the ex- 
cess air ratio X B is performed in the cylinder. If it is not 
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the primary fuel injection timing of any of the cylinders, 
the operation executes step 711 to determine whether 
an additional fuel injection is required, based on the val- 
ue of the flag FL. If FL * 1 at step 71 1 , since this means 
that the additional fuel injection is required, the opera- 
tion proceeds to step 713 to determine whether it is the 
timing for the additional fuel injection of any of the cyl- 
inders. If it is the additional fuel injection timing of any 
of the cylinders, the additional fuel injection is performed 
in that cylinder at step 715. The amount of additional 
fuel injection is determined by the operation performed 
by the control circuit 30 (not shown) so that the excess 
air ratio of the exhaust gas leaving the cylinder becomes 
the value ^ A where the production rate of NH 3 by the 
three-way catalyst 5 becomes the maximum (for exam- 
ple, X A = 0.95). 

[0086] As explained above, in the operations in Figs. 
6 and 7, the additional fuel injection is performed in the 
respective cylinders every time the amount of NO x ab- 
sorbed in the NO x absorbing-reducing catalyst 7 reach- 
es a predetermined value, in order to release NO x from 
the NO x absorbing-reducing catalyst and reduce the 
same. The length of the period for performing the addi- 
tional fuel injection is determined in accordance with the 
operating condition of the engine such as the amount of 
NO x produced by the engine per unit time. 
[0087] Further, though the total amount of NH 3 pro- 
duced by the three-way catalyst 5, i.e., the total amount 
of NH 3 supplied to the NO x absorbing-reducing catalyst 
7, is controlled by adjusting the length of the period for 
performing additional fuel injection, the total amount of 
NH 3 supplied to the NO x absorbing-reducing catalyst 
may be controlled by adjusting the air-fuel ratio of the 
exhaust gas flowing into the three-way catalyst 5. 
Namely, as can be seen from Fig. 5, the production rate 
of NH 3 of the three-way catalyst 5 can be changed be- 
tween 0 and its maximum value by changing the excess 
air ratio of the exhaust gas within the range X = 0.95 - 
1 .0. Therefore, the total amount of NH 3 produced by the 
three-way catalyst may be controlled by adjusting the 
excess air ratio of the exhaust gas flowing into the three- 
way catalyst within the range X = 0.95 - 1 .0. Since the 
amount of NH 3 produced by the three-way catalyst 5 per 
unit time changes in accordance with the excess air ratio 
of the exhaust gas, the total amount of NH 3 produced 
by the three-way catalyst 5 can be adjusted by changing 
the excess air ratio of the exhaust gas without changing 
the length of the period for performing the additional fuel 
injection. In this case, for example, the value of CT is 
set at a constant at step 611 in Fig. 6. Further, the op- 
eration calculates the required production rate of NH 3 
based on the amount of NH 3 required for reducing the 
amount of NO x absorbed in the NO x absorbing-reducing 
catalyst and the fixed time CT. The additional fuel injec- 
tion amount is determined in such a manner that the ex- 
cess air ratio X A of the exhaust gas flowing into the three- 
way catalyst 5 becomes a value which gives the re- 
quired production rate of NH 3 . 



[0088] In this embodiment, the three-way catalyst 5, 
NO x absorbing-reducing catalyst 7 and NH 3 adsorbing- 
denitrating catalyst 9 are disposed in the exhaust gas 
passage 4 in this order from the upstream end. In this 

5 arrangement, the NO x absorbing-reducing catalyst 7 
mainly purifies NO x in the exhaust gas, and the NH 3 ad- 
sorbing-denitrating catalyst 9 only purifies a small 
amount of NO x passing through the NO x absorbing-re- 
ducing catalyst 7. However, the positions of the NO x ab- 

10 sorbing-reducing catalyst 7 and the NH 3 adsorbing-den- 
itrating catalyst 9 may be interchanged. Namely, the 
three-way catalyst 5, the NH 3 adsorbing-denitrating cat- 
alyst 9 and NO x absorbing-reducing catalyst 7 may be 
disposed in the exhaust gas passage 4 in this order from 

15 the upstream end, as shown in Fig. 8. In this case, the 
NH 3 adsorbing-denitrating catalyst 9 mainly purifies 
NO x in the exhaust gas. During the normal operation (i. 
e., when the rich spike operation is not performed), since 
the air-fuel ratio of the exhaust gas flowing into the 

20 three-way catalyst 5 is lean, NH 3 is not produced at the 
three-way catalyst 5. Therefore, the NH 3 adsorbing- 
denitrating catalyst 9 purifies NO x in the exhaust gas 
during the normal operation using NH 3 it has adsorbed 
and stored therein. Thus, the amount of NH 3 stored in 

25 the NH 3 adsorbing-denitrating catalyst 9 decreases dur- 
ing the normal operation of the engine. Further, the NO x 
absorbing-reducing catalyst 7 absorbs NO x passing 
through the NH 3 adsorbing-denitrating catalyst 9 with- 
out being reduced during the normal operation. Thus, 

30 the amount of NO x absorbed in the NO x absorbing-re- 
ducing catalyst 7 gradually increases during the normal 
operation. Therefore, in this case, the rich spike opera- 
tion is performed when the amount of NH 3 stored in the 
NH 3 adsorbing-denitrating catalyst 9 decreases to a 

35 predetermined value. When the rich spike operation is 
performed, NH 3 is produced at the three-way catalyst 
and the exhaust gas with a rich air-fuel ratio and con- 
taining NH 3 flows into the NH 3 adsorbing-denitrating 
catalyst 9. This causes the NH 3 adsorbing-denitrating 

40 catalyst 9 to adsorb NH 3 in the exhaust gas. Further, a 
rich air-fuel ratio exhaust gas containing a surplus of 
NH 3 flows into the downstream NO x absorbing-reducing 
catalyst 7, NO x absorbed in the NO x absorbing-reducing 
catalyst is released and reduced by the rich air-fuel ratio 

45 exhaust gas containing NH 3 . The detail of the exhaust 
gas purifying operation of the embodiment in Fig. 8 will 
be explained later using Fig. 11 . 

[0089] Fig. 9 is a drawing similar to Fig. 1 showing the 
general configuration of another embodiment of the 

50 present invention. The arrangement of Fig. 9 is different 
from that of Fig. 1 in that the NH 3 adsorbing-denitrating 
catalyst 9 in Fig. 1 is removed in Fig. 9. Namely, only 
the three-way catalyst 5 and the NO x absorbing-reduc- 
ing catalyst 7 are disposed in the exhaust gas passage 

55 4 from the upstream end in this order in Fig. 9. Since the 
NH 3 adsorbing-denitrating catalyst 9 in the embodiment 
in Fig. 1 only acts as an ancillary means for purifying 
NO x in the exhaust gas, the efficiency for purifying NO x 
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does not lower largely even if the NH 3 adsorbing-deni- 
trating catalyst 9 is removed. Therefore, by using only 
the three-way catalyst 5 and the NO x absorbing-reduc- 
ing catalyst 7 as shown in Fig. 9, the exhaust gas puri- 
fication device can be largely simplified. The exhaust 
gas purifying operation of the embodiment in Fig. 9 is 
the same as those in Figs. 6 and 7. 
[0090] Next, another embodiment of the present in- 
vention is explained with reference to Fig. 1 0. As can be 
seen from Fig. 10, the NO x absorbing-reducing catalyst 
7 is not provided in this embodiment, and only the three- 
way catalyst 5 and the NH 3 adsorbing-denitrating cata- 
lyst 9 are disposed in the exhaust gas passage 4 in this 
order from the upstream end. 

[0091] As explained before, the NH 3 adsorbing-deni- 
trating catalyst 9 is capable of reducing NO x in the ex- 
haust gas by reacting NO x with NH 3 . Further, since the 
NH 3 adsorbing-denitrating catalyst is capable of adsorb- 
ing and storing NH 3 in the exhaust gas which is not used 
for reducing NO x , the NH 3 adsorbing-denitrating cata- 
lyst is also capable of reducing NO x using NH 3 adsorbed 
and stored therein even when NH 3 is not contained in 
the exhaust gas. In this embodiment, the rich spike op- 
eration is performed for producing NH 3 at the three-way 
catalyst 5 and for causing the NH 3 adsorbing-denitrating 
catalyst 9 to adsorb and store NH 3 . The NH 3 adsorbing- 
denitrating catalyst 9 reduces NO x in the lean air-fuel 
ratio exhaust gas during the normal operation using NH 3 
stored therein. Therefore, NH 3 stored in the NH 3 ad- 
sorbing-denitrating catalyst 9 is used for reducing NO x 
in the exhaust gas and decreases during the normal op- 
eration. Therefore, it is necessary to replenish NH 3 ad- 
sorbing-denitrating catalyst 9, with NH 3 , before it uses 
up all the stored NH 3 . 

[0092] In the exhaust gas purifying operation of the 
present embodiment, the operation estimates the 
amount of NH 3 stored in the NH 3 adsorbing-denitrating 
catalyst 9 during the normal operation of the engine. 
When the amount of NH 3 stored in the NH 3 adsorbing- 
denitrating catalyst decreases to a predetermined val- 
ue, the operation performs rich spike operation in order 
to replenish the NH 3 adsorbing-denitrating catalyst with 
NH 3 . Thus, according to this embodiment, a shortage of 
NH 3 required for reducing NO x in the exhaust gas does 
not occur. 

[0093] Fig. 11 is a flowchart explaining the exhaust 
gas purifying operation of the present embodiment. This 
operation is performed by a routine executed by the con- 
trol circuit 30 at predetermined intervals. 
[0094] In the operation in Fig. 11, the operation esti- 
mates the amount of NH 3 (INH 3 ) stored in the NH 3 ad- 
sorbing-denitrating catalyst 9 based on the amount of 
NO x produced by the engine per unit time (ANOX). Fur- 
ther, when INH 3 decreases to a lower limit l 0 , the oper- 
ation performs the rich spike operation in order to in- 
crease the amount of NH 3 stored in the NH 3 adsorbing- 
denitrating catalyst to the value I FUL near the saturation 
amount. 



[0095] In Fig. 11, at step 1101, the operation deter- 
mines whether the lean operation flag FL is set to 1 . If 
FL = 1, then, the operation continues the lean air-fuel 
ratio operation of the engine and calculates ANOX (the 

5 amount of NO x produced by the engine per unit time) 
based on the air intake amount Q and the engine speed 
N at step 1 1 03. Steps 1101 and 1 1 03 are operations the 
same as steps 601 and 603 in Fig. 6. At step 1105, INH 3 
(the amount of NH 3 stored in the NH 3 adsorbing-deni- 

10 trating catalyst 9) is calculated by INH 3 = INH 3 - K x AN- 
OX. During the lean air-fuel ratio operation, the NH 3 ad- 
sorbing-denitrating catalyst 9 reduces NO x in the ex- 
haust gas using NH 3 stored in the catalyst 9. Therefore, 
the decrease in the NH 3 held in the NH 3 adsorbing-den- 

15 itrating catalyst 9 per unit time is proportional to the 
amount of NO x produced by the engine per unit time. 
Thus, if the amount ANOX of NO x is produced by the 
engine per unit time, the amount of NO x held (stored) in 
the NH 3 adsorbing-denitrating catalyst 9 decreases by 

20 K x ANOX per unit time (K is a constant). Therefore, 
the amount of NO x held in the NH 3 adsorbing-denitrating 
catalyst 9 is obtained by subtracting (K x ANOX) from 
the value INH 3 at step 1105. 

[0096] At step 1 1 07, the operation determines wheth- 
25 er the amount INH 3 calculated at step 1105 decreases 
to a predetermined value l 0 . The value l 0 is, for example, 
set at 20 to 30% of the maximum amount of NH 3 which 
the NH 3 adsorbing-denitrating catalyst can hold (i.e., 20 
to 30% of the saturating amount). If INH 3 > l 0 at step 
30 1 1 07, the operation continues the lean air-fuel ratio op- 
eration of the engine 1. However, if INH 3 < l 0 at step 
1 1 07, the operation performs the rich spike operation of 
the engine to supply NH 3 to the NH 3 adsorbing-denitrat- 
ing catalyst 9. 

35 [0097] In this case, the lean operation flag FL is set 
to 0 at step 1109, and the length CTH of the period for 
performing the additional fuel injection is determined at 
step 1111 in accordance with the air intake amount Q 
and speed N of the engine 1 . As explained in Fig. 6, the 

40 amount of NH 3 produced by the three-way catalyst 5 per 
unit time during the rich spike operation changes in ac- 
cordance with the engine operating condition (i.e., the 
amount of NO x produced by the engine per unit time). 
Further, in this embodiment, it is necessary to supply the 

45 amount of NO x sufficient for increasing the NH 3 stored 
in the NH 3 adsorbing-denitrating catalyst 9 from the low- 
er limit l 0 to the maximum value IFUL during the rich 
spike operation. Therefore, the length CTH of the period 
for performing the additional fuel injection is determined 

50 based on the amount of NO x produced by the engine 
per unit time. The period CTH is the time sufficient for 
increasing the amount of NH 3 stored in the NH 3 adsorb- 
ing-denitrating catalyst 9 from l 0 to IFUL. The value of 
CTH is measured previously by operating the actual en- 

55 gine under various conditions of the air intake amount 
Q and the speed N, and stored in the ROM of the control 
circuit 30 in the form of a numerical table using Q and 
N as parameters. At step 1111, CTH is determined from 
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the air intake amount Q and the speed N based on the 
numerical table. 

[0098] When the lean operation flag FL is set to 0 at 
step 1109, step 1113 is executed after step 1101 when 
the operation is next performed, and the additional fuel 
injection is performed for the period CTH. When the time 
CTH has elapsed (step 1113), the lean operation flag FL 
is set to 1 (step 1117) to terminate the additional fuel 
injection, and the value of the counter INH 3 which rep- 
resents the amount of NH 3 stored in the NH 3 adsorbing- 
denitrating catalyst 9 is set to IFUL (step 1119). The fuel 
injection control operation in Fig. 7 is performed also in 
this embodiment in order to perform the primary fuel in- 
jection and/or the additional fuel injection according to 
the value of the lean operation flag FL. 
[0099] As explained above, in the operations in Fig. 
1 1 and Fig. 7, the additional fuel injection of the respec- 
tive cylinders is performed when the amount of NH 3 
stored in the NH 3 adsorbing-denitrating catalyst 9 de- 
creases to a predetermined value, and increases the 
amount of NH 3 in the NH 3 adsorbing-denitrating catalyst 
9 to a value near the saturating amount. Further, the pe- 
riod for performing the additional fuel injection is deter- 
mined in accordance with the engine operating condi- 
tion such as the amount of NO x produced by the engine 
per unit time. 

[0100] Further, as explained before, the operations of 
Figs. 11 and 7 are performed also in the embodiment in 
Fig. 8. The amount of the additional fuel injection instead 
of the length CTH of the period for performing the addi- 
tional fuel injection may also be adjusted in accordance 
with the engine operating condition in the embodiment 
in Fig. 10. 

[0101] Next, embodiments different from the embod- 
iments in Figs. 1 and 8 through 10 will be explained us- 
ing Figs. 12 through 22. In the embodiments in Figs. 1 
and 8 through 1 0, the exhaust gas from all of the cylin- 
ders flows through the three-way catalyst 5 which acts 
as the NH 3 conversion means. However, in the embod- 
iments explained hereinafter, the exhaust gas from only 
some of the cylinders flows through the NH 3 conversion 
means. 

[0102] First, the embodiment in Fig. 12 will be ex- 
plained. 

[0103] As can be seen from Fig. 12, No. 1 cylinder of 
the engine 1 is directly connected to a three-way catalyst 
5 via an exhaust gas passage 143, and No. 2 through 
No. 4 cylinders are connected to a NO x absorbing-re- 
ducing catalyst 7 via an exhaust manifold 131. The 
three-way catalyst 5 and the NO x absorbing-reducing 
catalyst 7 are connected to a common exhaust gas pas- 
sage 4 through exhaust gas passages 142 and 141 
downstream thereof, respectively. An NH 3 adsorbing- 
denitrating catalyst 9 is disposed in the common ex- 
haust gas passage 4. Namely, NH 3 produced by the 
three-way catalyst 5 is supplied only to the NH 3 adsorb- 
ing-denitrating catalyst 9 in this embodiment. Further, 
the additional fuel injection is performed on No. 1 cylin- 



der during the normal operation as well as during the 
rich spike operation of the engine in this embodiment. 
[01 04] The exhaust gas purifying operation in this em- 
bodiment is now explained. 

5 [0105] In the normal operation, No. 2 through No. 4 
cylinders are operated at an excess air ratio where the 
amount of NO x produced by the combustion becomes 
the minimum (for example, excess air ratio about 1.4). 
Therefore, the air-fuel ratio of the exhaust gas flowing 

10 into the NO x absorbing-reducing catalyst 7 from No. 2 
through No. 4 cylinders are lean during the normal op- 
eration. Thus, NO x produced in No. 2 through No. 4 cyl- 
inders during the normal operation is absorbed by the 
NO x absorbing-reducing catalyst 7 and removed from 

15 the exhaust gas. 

[0106] On the other hand, No. 1 cylinder is always op- 
erated at an excess air ratio where the amount of NO x 
produced by the combustion becomes the maximum 
(for example, excess air ratio about 1 .2) in this embod- 

20 iment. Further, the additional fuel injection is always per- 
formed on the No. 1 cylinder to adjust the excess air 
ratio of the exhaust gas from No. 1 cylinder at a value 
where the production rate of NH 3 by the three-way cat- 
alyst 5 becomes the maximum (for example, the excess 

25 air ratio about 0.95). Thus, a part of NO x in the exhaust 
gas from No. 1 cylinder is reduced at the three-way cat- 
alyst 5, and a portion of the remaining part of NO x is 
converted into NH 3 . Namely, a relatively large amount 
of NH 3 is produced at the three-way catalyst 5. 

30 [0107] The exhaust gas from the NO x absorbing-re- 
ducing catalyst 7 and the exhaust gas from the three- 
way catalyst 5 flow into the common exhaust gas pas- 
sage 4 through the exhaust gas passages 141 and 1 42, 
and mix with each other in the passage 4. The exhaust 

35 gas from the NO x absorbing-reducing catalyst 7 is at a 
lean air-fuel ratio (an excess air ratio about 1 .4) and con- 
tains a very small amount of NO x which passes through 
the NO x absorbing-reducing catalyst 7. The exhaust gas 
from the three-way catalyst 5 is at a rich air-fuel ratio (an 

40 excess air ratio about 0.95) and contains a large amount 
of NH 3 . When these exhaust gases mix with each other, 
exhaust gas at a lean air-fuel ratio (an excess air ratio 
about 1 .3) and containing a very small amount of NO x 
and a large amount of NH 3 is formed. When this exhaust 

45 gas flows into the NH 3 adsorbing-denitrating catalyst 9 
in the common exhaust gas passage 4, all the NO x in 
the exhaust gas is reduced by reacting with NH 3 at the 
NH 3 adsorbing-denitrating catalyst, and a part of surplus 
NH 3 (i.e., NH 3 not used for reducing NO x ) is adsorbed 

50 by the NH 3 adsorbing-denitrating catalyst 9. Further, 
since the air-fuel ratio of the exhaust gas flowing into 
the NH 3 adsorbing-denitrating catalyst 9 is lean, the re- 
maining part of NH 3 is purified on the NH 3 adsorbing- 
denitrating catalyst 9 and, thereby, the exhaust gas flow- 

55 ing through the NH 3 adsorbing-denitrating catalyst 9 
does not contain NO x nor NH 3 . 

[0108] However, when the normal operation contin- 
ues for a certain period, the amount of NO x absorbed in 
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the NO x absorbing-reducing catalyst 7 increases. 
Therefore, when the amount of NO x absorbed in the 
NO x absorbing-reducing catalyst 7 increases to a pre- 
determined value, a rich spike operation similar to that 
in the previous embodiments is performed on No. 2 
through No. 4 cylinders in order to release NO x from the 
NO x absorbing-reducing catalyst 7. 
[0109] Figs. 13 is a flowchart explaining the exhaust 
gas purifying operation in this embodiment. This opera- 
tion is performed by a routine executed by the control 
circuit 30 at predetermined intervals. 
[0110] The flowchart in Fig. 13 is substantially the 
same as the flowchart in Fig. 6. However, in Fig. 1 3, FL2 
in steps 1301, 1309 and 1317 is a flag representing 
whether the rich spike operation is required for No. 2 
through No. 4 cylinders and, FL2 = 1 means that the rich 
spike operation is not required. Further, CT2 in steps 
1311 and 1313 is a counter for determining the length 
of the period for performing the rich spike operation. 
Similarly to CT in Fig. 6, the value of the CT2 is deter- 
mined in accordance with the engine operating condi- 
tion at step 1311. The value of CT2 corresponds to the 
time sufficient for reducing NO x of the amount FNOX 0 
absorbed in the NO x absorbing-reducing catalyst 7 and, 
similarly to CT, is determined based on experiment. The 
values of CT is stored in the ROM of control circuit 30 
in the form of a numerical table using the air intake 
amount Q and the speed N of the engine as parameters. 
In the operation of Fig. 13, the rich spike operation is 
performed on No. 2 through No. 4 cylinders for a period 
CT2 determined by the engine operating condition every 
time the amount of NO x absorbed in the NO x absorbing- 
reducing catalyst 7 reaches the value FNOX 0 . Thus, 
NO x is released and reduced every time the amount of 
NO x in the NO x absorbing-reducing catalyst 7 reaches 
the value FNOX 0 . 

[0111] Fig. 14 is a flowchart similar to Fig. 7 which ex- 
plains the fuel injection control operation in the present 
embodiment. This operation is performed by a routine 
executed by the control circuit 30 at a predetermined 
rotation angle of the crankshaft of the engine 1 . 
[0112] In Fig. 14, at step 1401 , the excess air ratio A, 1B 
of the combustion (the excess air ratio of the air-fuel mix- 
ture obtained by the primary fuel injection) in No. 1 cyl- 
inder is set at A, L , and the excess air ratio X 1A of the ex- 
haust gas leaving No. 1 cylinder (the excess air ratio of 
the exhaust gas after the additional fuel injection) is set 
at A, R , respectively. X L is an excess air ratio where the 
amount of NO x produced by the combustion becomes 
the maximum (for example, X L = 1 .2), and X R is an ex- 
cess air ratio where the amount of NH 3 produced by the 
three-way catalyst 5 becomes the maximum (for exam- 
ple, X R = 0.95). Further, at step 1 401 , the excess air ra- 
tios X 2B and X 2A of No. 2 through No. 4 cylinders are set 
at A, L |_ and ^ RR , respectively. X 2B is the excess air ratio 
of the combustion in No. 2 through No. 4 cylinders and 
X L] _ is an excess air ratio where NO x produced by the 
combustion becomes the minimum (for example, X LL = 



1 .4). X 2A is the excess air ratio of the exhaust gas leaving 
No. 2 through No. 4 cylinders, and X RR is an excess air 
ratio required for releasing NO x from the NO x absorbing- 
reducing catalyst 7. In this embodiment, ^ RR is set at an 

5 appropriate value lower than 1 .0 (X RR < 1.0). 

[0113] After setting excess air ratios of the cylinders 
at step 1401 , the operation determines whether it is the 
primary fuel injection timing of No. 1 cylinder (step 
1403), and whether it is the additional fuel injection tim- 

10 ing of No. 1 cylinder (step 1 407). If it is the timing for the 
primary fuel injection or the additional fuel injection of 
the No. 1 cylinder, the primary fuel injection and the ad- 
ditional fuel injection are performed at steps 1405 and 
1409, respectively. By executing steps 1403 through 

15 1409, the primary fuel injection of No. 1 cylinder is per- 
formed so that the excess air ratio of the combustion in 
No. 1 cylinder is always kept at X, L , and the additional 
fuel injection of No. 1 cylinder is performed so that the 
excess air ratio of the exhaust gas leaving No. 1 cylinder 

20 is always kept at 0.95. 

[0114] At steps 1411 through 1419, the primary fuel 
injection and the additional fuel injections of No. 2 
through No. 4 cylinders are performed in the manner 
similar to steps 1403 through 1409. However, the addi- 

25 tional fuel injections of No. 2 through No. 4 cylinders are 
performed only when the flag FL2 is set at 0. By execut- 
ing steps 1411 through 1419, the excess air ratio of the 
combustion in No. 2 through No. 4 cylinders is always 
kept at X LL where the amount of NO x produced by the 

30 combustion becomes small and, when rich spike oper- 
ation is performed, the excess air ratio of the exhaust 
gas leaving No. 2 through No. 4 cylinders is adjusted to 
X RR by the additional fuel injection. 
[0115] Although the NO x absorbing-reducing catalyst 

35 7 is disposed in the exhaust gas passage 1 41 in the em- 
bodiment in Fig. 12, the NO x absorbing-reducing cata- 
lyst 7 may be disposed in the common exhaust gas pas- 
sage 4 upstream of the NH 3 adsorbing-denitrating cat- 
alyst 9. An exhaust gas purifying operation the same as 

40 those in Figs. 13 and 14 can be performed also in this 
case. 

[0116] Next, another embodiment of the present in- 
vention will be explained with reference to Fig. 15. 
[01 17] The embodiment in Fig. 15 is similar to the em- 

45 bodiment in Fig. 12 except that the NO x absorbing-re- 
ducing catalyst 7 is disposed in the common exhaust 
gas passage 4 downstream of the NH 3 adsorbing-den- 
itrating catalyst 9. Namely, in this embodiment, NH 3 ad- 
sorbing-denitrating catalyst 9 mainly purifies NO x in the 

50 exhaust gas, and the NO x absorbing-reducing catalyst 
7 downstream of the NH 3 adsorbing-denitrating catalyst 
9 purifies only a small amount of NO x which has passed 
through the NH 3 adsorbing-denitrating catalyst 9 with- 
out being reduced. 

55 [0118] In this embodiment, the additional fuel injection 
of No. 1 cylinder is always performed to produce a large 
amount of NH 3 at the three-way catalyst 5. The exhaust 
gas flowing through the three-way catalyst 5 mixes with 
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a lean air-fuel ratio exhaust gas from No. 2 through No. 
4 cylinders and forms an exhaust gas with a lean air- 
fuel ratio as a whole. When this lean air-fuel ratio ex- 
haust gas containing NH 3 flows into NH 3 adsorbing- 
de nitrating catalyst 9, NO x in the exhaust gas reacts with 
NH 3 on the NH 3 adsorbing-denitrating catalyst 9 and is 
reduced to N 2 . In this case, a very small amount of NO x 
may pass through the NH 3 adsorbing-denitrating cata- 
lyst 9 without being reduced. However, even if NO x 
passes through the NH 3 adsorbing-denitrating catalyst 
9, the NO x passing through the catalyst 9 is absorbed 
by the NO x absorbing-reducing catalyst 7 downstream 
of the catalyst 9 and removed from the exhaust gas. 
Similarly to the embodiment in Fig. 12, the rich spike 
operation is performed on No. 2 through No. 4 cylinders 
when the amount of NO x absorbed in the NO x absorb- 
ing-reducing catalyst 7 reaches a predetermined value 
in this embodiment, in order to prevent the NO x absorb- 
ing-reducing catalyst 7 from being saturated with the ab- 
sorbed NO x . 

[0119] Since the exhaust gas purifying operation in 
this embodiment is the same as those in Figs. 13 and 
14, a detailed explanation is omitted. However, ANOX 
in steps 1 303 and 1 305 in Fig. 13 represents the amount 
of NO x passing through the NH 3 adsorbing-denitrating 
catalyst 9 without being reduced and flows into the NO x 
absorbing-reducing catalyst 7 per unit time instead of 
the whole amount of NO x produced by the engine per 
unit time. Therefore, the values of ANOX in this embod- 
iment are far smaller than the values used in the em- 
bodiment in Fig. 1 2. The values of ANOX are preferably 
determined based on experiment also in this embodi- 
ment. 

[0120] Next, another embodiment of the present in- 
vention will be explained with reference to Fig. 1 6. 
[0121] The embodiment in Fig. 16 has an arrange- 
ment similar to that of Fig. 15, except that the NO x ab- 
sorbing-reducing catalyst 7 in Fig. 15 is omitted. 
[0122] In this embodiment, either of the following two 
types of the exhaust gas purifying operations can be 
performed. 

[0123] The first type of the exhaust gas purifying op- 
eration always performs the additional fuel injection of 
No. 1 cylinder in order to produce NH 3 at the three-way 
catalyst 5, and operates No. 2 through No. 4 cylinders 
at the excess air ratio where the amount of NO x pro- 
duced by the combustion become small. In the first type 
of the exhaust gas purifying operation, thus the lean air- 
fuel ratio exhaust gas containing both NO x and NH 3 is 
always supplied to the NH 3 adsorbing-denitrating cata- 
lyst 9, and the NO x is reduced at the NH 3 adsorbing- 
denitrating catalyst 9 by reacting with NH 3 . In this case, 
the primary fuel injection amount of No. 1 cylinder is set 
at a value so that the excess air ratio of the combustion 
becomes a value where the amount of NO x produced 
by the combustion becomes the maximum (i.e., X = 1 .2), 
and the additional fuel injection amount of No. 1 cylinder 
is set at a value so that the excess air ratio of the exhaust 



gas leaving No. 1 cylinder becomes a value where the 
amount of NH 3 Produced by the three-way catalyst 5 
becomes the maximum (i.e., X = 0.95). The rich spike 
operation is not performed on No. 2 through No. 4 cyl- 
5 inders. 

[0124] In contrast to the above, in the second type of 
the exhaust gas purifying operation all the cylinders are 
operated at a lean air-fuel ratio during the normal oper- 
ation of the engine, and NO x in the exhaust gas is puri- 

10 fied at the NH 3 adsorbing-denitrating catalyst 9 using 
NH 3 stored therein. Further, when the amount of NH 3 
stored in the NH 3 adsorbing-denitrating catalyst 9 de- 
creases to a predetermined value, the rich spike oper- 
ation of No. 1 cylinder is performed in order to replenish 

15 the NH 3 adsorbing-denitrating catalyst 9 with NH 3 . 
[0125] Fig. 17 is a flowchart explaining the exhaust 
gas purifying operation of the second type. This opera- 
tion is performed by a routine executed by the control 
circuit 30 at predetermined intervals. 

20 [0126] In this operation, the amount INH 3 of NH 3 held 
in the NH 3 adsorbing-denitrating catalyst 9 is calculated 
by the method same as that explained in Fig. 11 (steps 
1703 and 1705). Then, if the amount INH 3 has de- 
creased to a predetermined value l 0 , the operation sets 

25 a lean operation flag FL1 to 0. FL1 is a lean operation 
flag of No. 1 cylinder. Further, the operation performs 
the additional fuel injection of No. 1 cylinder for a pre- 
determined period CTG, in order to increase the amount 
of NH 3 in the catalyst 9 to the value IFUL (steps 1707 

30 through 1719). IFUL is, as explained before, the value 
near the saturation amount of NH 3 of the NH 3 adsorb- 
ing-denitrating catalyst 9. 

[0127] Fig. 18 is a flowchart explaining the fuel injec- 
tion control operation of the present embodiment. This 

35 operation is performed by a routine executed by the con- 
trol circuit 30 at a predetermined rotation angle of the 
crankshaft of the engine. In this operation, the excess 
air ratio X 2B of the combustion in No. 2 through No. 4 
cylinders is always set at X L] _ (X LL = 1.4) where the 

40 amount of NO x produced by the combustion becomes 
the minimum (step 1 801 ). The excess air ratio X, 1 B of the 
combustion in No. 1 cylinder is determined in accord- 
ance with the value of the lean operation flag FL1. 
Namely, if FL1 = 1 at step 1803, i.e., if the rich spike 

45 operation is not required, X. 1 B is set at X LL at step 1 805, 
and if FL1 = 0, i.e., if the rich spike operation is required, 
X : B is set at X L (X L = 1 .2) where the amount of NO x pro- 
duced by the combustion becomes the maximum (step 
1807). Further, at step 1809, the operation determines 

50 whether it is the timing for the primary fuel injection of 
any one of the cylinders. If it is the timing, the primary 
fuel injection is performed on the corresponding cylinder 
at step 1811. If it is not the timing at step 1 809, the op- 
eration determines whether the flag FL1 is set at 1 at 

55 step 1813, and if FL1 = 1, performs the additional fuel 
injection of No. 1 cylinder at the timing for the additional 
fuel injection of No. 1 cylinder (steps 1815 and 1817). 
[0128] By the operations in Figs. 17 and 18, the rich 
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spike operation of No. 1 cylinder is performed when the 
amount of NH 3 held in the NH 3 adsorbing-denitrating 
catalyst 9 decreases to a predetermined value and, 
thereby, the amount of NH 3 in the catalyst 9 increases 
to the value IFUL near the saturating amount by the rich 
spike operation. 

[0129] Next, another embodiment is explained with 
reference to Fig. 1 9. Similarly to the embodiment in Fig. 
1 6, the embodiment in Fig. 1 9 performs the exhaust gas 
purifying operation using only the three-way catalyst 5 
and the NH 3 adsorbing-denitrating catalyst 9. However, 
in this embodiment, the exhaust gas from No. 2 cylinder 
can be directed to either of the exhaust gas passage 
1 43 (the three-way catalyst 5 side) and exhaust gas pas- 
sage 1 41 in accordance with the amount of NH 3 held in 
the NH 3 adsorbing-denitrating catalyst 9. 
[0130] Namely, in Fig. 19, the exhaust port of No. 1 
cylinder is directly connected to the exhaust gas pas- 
sage 143, and the exhaust port of No. 2 cylinder is con- 
nected to an exhaust gas passage 171. The exhaust gas 
passage 171 of No. 2 cylinder diverges into branch ex- 
haust gas passages 172 and 173. The branch exhaust 
gas passage 172 is connected to the exhaust gas pas- 
sage 141, and the branch exhaust gas passage 173 is 
connected to the exhaust gas passage 1 43 upstream of 
the three-way catalyst 5. A switching valve 175 is pro- 
vided on the exhaust gas passage 171 at the point 
where the branch passages 1 72 and 1 73 diverges. The 
switching valve 175 is provided with an appropriate ac- 
tuator 175a, such as a solenoid actuator or a vacuum 
actuator, and takes a first position where the exhaust 
gas passage 1 71 is connected to the exhaust gas puri- 
fying catalyst 172 (i.e., the No. 3 and No. 4 cylinders 
side position) and a second position where the exhaust 
gas passage 171 is connected to the exhaust gas pas- 
sage 1 73 (i.e., the three-way catalyst 5 side position) in 
response to a control signal from the control circuit 30. 
Therefore, the exhaust gas from No. 2 cylinder can be 
directed either to the three-way catalyst 5 or the exhaust 
gas passage 141 . Thus, the amount of NO x supplied to 
the three-way catalyst 5 can be changed by switching 
the flow of the exhaust gas between the three-way cat- 
alyst side and the No. 3 and No. 4 cylinders side. There- 
fore, the amount of NH 3 produced at the three-way cat- 
alyst 5 can be changed in accordance with the operating 
condition of the engine. 

[0131] In this embodiment, the excess air ratios of the 
combustion in No. 3 and No. 4 cylinders (X 3B , X 4B , re- 
spectively) are set at X L] _ (X L] _ = 1 .4) where the amount 
of NO x produced by the combustion becomes the min- 
imum, and the additional fuel injection is not performed 
on No. 3 and No. 4 cylinders. The amount of NH 3 held 
in the NH 3 adsorbing-denitrating catalyst 9 in this em- 
bodiment is controlled by switching the valve 175. 
Namely, when the amount of NH 3 held in the NH 3 ad- 
sorbing-denitrating catalyst 9 becomes smaller than a 
predetermined lower limit I-,, the switching valve 175 is 
switched to the three-way catalyst side position to sup- 



ply the exhaust gases from both No. 1 and No. 2 cylin- 
ders to the three-way catalyst 5. In this case, the excess 
air ratios of the primary fuel injections of No. 1 and No. 
2 cylinders. (X 1B , X 2B , respectively) are set at X L (X L = 

5 1 .2) where the amount of NO x produced by the combus- 
tion becomes the maximum. Further, the additional fuel 
injection is performed on No. 1 and No. 2 cylinder to ad- 
just the excess air ratio of the exhaust gas leaving these 
cylinders to X R (X R = 0.95) where the amount of NH 3 

10 produced at the three-way catalyst 5 becomes the max- 
imum. Therefore, NO x produced by No. 1 and No. 2 cyl- 
inders is converted into NH 3 at the three-way catalyst 5 
and the amount of NH 3 produced by the three-way cat- 
alyst 5 increases. This large amount of NH 3 is supplied 

15 to the NH 3 adsorbing-denitrating catalyst 9 disposed 
downstream of the three-way catalyst 5, and the amount 
of NH 3 adsorbed by the NH 3 adsorbing-denitrating cat- 
alyst 9 increases in a short time. 
[0132] When the amount of NO x held in the NH 3 ad- 

20 sorbing-denitrating catalyst 9 is larger than the lower 
limit l 1? but smaller than an upper limit IFUL near the 
saturating amount, the switching valve 175 is switched 
to the No. 3 and No. 4 cylinders side position to supply 
the exhaust gas only from No. 1 cylinder to the three- 

25 way catalyst 5. In this case, the excess air ratio X 2B of 
No. 2 cylinder is set at X L] _, and the additional fuel injec- 
tion of the No. 2 cylinder is terminated. Therefore, since 
only NO x in the exhaust gas from No. 1 cylinder is con- 
verted into NH 3 at the three-way catalyst 5, the amount 

30 of NH 3 supplied to the NH 3 adsorbing-denitrating cata- 
lyst 9 becomes smaller and, thereby, the amount of NH 3 
held in the NH 3 adsorbing-denitrating catalyst 9 increas- 
es (or decreases) slowly. 

[0133] Further, when the amount of NH 3 held in the 

35 NH 3 adsorbing-denitrating catalyst 9 increases to the 
upper limit IFUL, the additional fuel injection of No. 1 
cylinder is terminated, and the excess air ratio X, 1 B of the 
primary fuel injection of No. 1 cylinder is set to X LL where 
the amount of NO x produced by the combustion be- 

40 comes the minimum. In this case, since no NH 3 is pro- 
duced at the three-way catalyst 5, the amount of NH 3 
held in the NH 3 adsorbing-denitrating catalyst 9 de- 
creases in a relatively short time. 
[0134] Fig. 20 is a flowchart explaining the exhaust 

45 gas purifying operation of the present embodiment. This 
operation is performed by a routine executed by the con- 
trol circuit 30 at predetermined intervals. 
[0135] In Fig. 20, at step 2001, the operation deter- 
mines whether the amount INH 3 of NH 3 held in the NH 3 

50 adsorbing-denitrating catalyst 9 reaches the predeter- 
mined value IFUL (which is near the saturating amount 
of NH 3 ). If the amount INH 3 has reached IFUL, i.e., if 
INH 3 > IFUL at step 2001 , the operation sets the value 
of a flag FR to 0 at step 2003, and calculates the amount 

55 BNOX of NO x produced by the engine per unit time, 
based on the engine operating condition (the air intake 
amount Q and the speed N of the engine). As explained 
later, when the value of the flag FR is set to 0, the excess 
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air ratio of the primary fuel injection of all the cylinders 
No. 1 through No. 4 is set at X L] _, and the additional fuel 
injections of No. 1 and No. 2 cylinders are stopped by 
the fuel injection control operation performed by the con- 
trol circuit 30 separately. 

[0136] In this embodiment, the value BNOX is differ- 
ent from ANOX in the previous embodiments in that it 
represents the amount of NO x produced by one cylinder 
per unit time, and obtained previously by experiment. 
The values of BNOX are stored in the ROM of the control 
circuit 30 in the form of a numerical table using Q and 
N as parameters. 

[0137] At step 2007, the amount INH 3 of NH 3 stored 
in the NH 3 adsorbing-denitrating catalyst 9 is calculated 
by INH 3 = INH3 - K x 4 x BNOX. Namely, since NH 3 in 
the NH 3 adsorbing-denitrating catalyst 9 is used for re- 
ducing NO x produced by four cylinders, the amount of 
NO x in the NH 3 adsorbing-denitrating catalyst 9 de- 
creases (K x 4 x BNOX) per unit time. 
[0138] If INH 3 < IFUL at step 2001 , the operation pro- 
ceeds to step 2009 to determine whether the amount 
INH 3 is smaller than the lower limit ^ . If INH 3 > \ A at step 
2009, the operation sets the value of the flag FR to 1 at 
step 2011, and switches the switching valve 175 to the 
No. 3 and No. 4 side position at step 2013. By this op- 
eration, only the exhaust gas from No. 1 cylinder is sup- 
plied to the three-way catalyst 5. At step 2015, the op- 
eration calculates the amount BNOX of NO x produced 
per one cylinder of No. 2 through No. 4 cylinders. Fur- 
ther, the operation calculates the amount BNH 3 of NH 3 
produced by the three-way catalyst 5 per unit time based 
on the operating condition (air intake amount Q and 
speed N) of the engine 1 . When the value of the flag FR 
is set to 1, the excess air ratio A, 1B of the primary fuel 
injection of No. 1 cylinder is set to X L and the additional 
fuel injection is performed on No. 1 cylinder. In this case, 
the excess air ratio of the primary fuel injection of No. 2 
cylinder is set to X LL , i.e., the excess air ratio the same 
as that in No. 3 and No. 4 cylinders, and the additional 
fuel injection of No. 2 cylinder is stopped. Further, at step 
2019, the amount INH 3 is calculated by INH 3 = INH 3 + 
BNH 3 - K x 3 x BNOX. Namely, in this case, the amount 
INH 3 increases by the amount BNH 3 of NH 3 produced 
by the three-way catalyst 5, and decreases by the 
amount (K x 3 x BNOX) required for reducing NO x pro- 
duced by three cylinders. 

[0139] If INH3 < at step 2009, the operation sets the 
value of the flag FR to 2 at step 2021 , and switches the 
switching valve 175 to the three-way catalyst 5 side. 
Thus, the exhaust gases from both No. 1 and No. 2 cyl- 
inders are supplied to three-way catalyst 5. Further, 
when the value of the flag FR is set at 2, the excess air 
ratio X 2B of No. 2 cylinder is set to X L , and the additional 
fuel injection is also performed on No. 2 cylinder. 
[0140] Further, the amount INH 3 is calculated at steps 
2025 through 2029 in the manner similar to that in steps 
2015 through 2019. However, INH 3 is calculated by 
INH 3 = INH 3 + 2 x BNH 3 - K x 2 x BNOX in this case. 



Namely, the amount INH 3 increases by the amount of 
NH 3 produced from NO x supplied by two cylinders (No. 
1 and No. 2 cylinders) and decreases by the amount 
required to reduce NO x contained in the exhaust gas 

5 from two cylinders (No. 3 and No. 4 cylinders). 

[0141] Figs. 21 and 22 are a flowchart explaining the 
fuel injection control operation in this embodiment. This 
operation is performed by a routine executed by the con- 
trol circuit 30 at a predetermined rotation angle of the 

10 crankshaft. 

[0142] In Fig. 21, steps 2101 through 2125 represent 
the control operation of the primary fuel injection of the 
respective cylinders. Namely, the amounts of the prima- 
ry fuel injection of No. 3 and No. 4 cylinders are set at 

15 step 21 01 so that the excess air ratios X 3B and X 4B of 
the combustion in the No. 3 and No. 4 cylinders become 
X|_ L , and the primary fuel injections of No. 3 and No. 4 
cylinders are performed at steps 2103 and 2105 at the 
fuel injection timing of these cylinders. 

20 [01 43] The excess air ratio X, 1 B of the primary fuel in- 
jection of No. 1 cylinder is set in accordance with wheth- 
er the value of the flag FR is 0, and the primary fuel in- 
jection of No. 1 cylinder is performed when it becomes 
the fuel injection timing, at steps 21 07 through 211 5. The 

25 excess air ratio A, 1B of No. 1 cylinder is set to X L when 
the value of FR is 1 or 2 (step 2109), and to X LL when 
the value of FR is 0 (step 2111). 

[0144] Further, the excess air ratio X 2B of the primary 
fuel injection of No. 2 cylinder is set in accordance with 

30 whether the value of the flag FR is 1, and the primary 
fuel injection of No. 2 cylinder is performed when it be- 
comes the fuel injection timing at steps 2117 through 
21 25. The excess air ratio X 2B of No. 2 cylinder is set to 
X LL when the value of FR is 1 (step 2119), and to X L 

35 when the value of FR is 2 (step 2121). 

[0145] After setting the excess air ratios of the respec- 
tive cylinders, the control of the additional fuel injections 
of No. 1 and No. 2 cylinders are performed at steps 2127 
through 2141 . Namely, it is determined whether the val- 

40 ue of the flag FR is 0 at step 21 27 and, if FR = 0, since 
the additional fuel injections are not required for No. 1 
and No. 2 cylinders, the operation terminates immedi- 
ately. On the other hand, if FR * 0 at step 2127 (i.e., if 
FR is 1 or 2), since the additional fuel injection is re- 

45 quired on the No. 1 cylinder, the amount of the additional 
fuel injection of No. 1 cylinder is determined at step 21 29 
in such a manner that the excess air ratio X 1A of the ex- 
haust gas leaving No. 1 cylinder becomes X R . The ad- 
ditional fuel injection is then performed at the additional 

50 fuel injection timing (steps 2131 and 21 33). Further, the 
operation determines whether the value of the flag FR 
is 1 at step 21 35 and, if FR = 1 (i.e., if the additional fuel 
injection is not required for No. 2 cylinder), the operation 
terminates immediately. If FR * 1 at step 2135 (i.e., if 

55 FR = 2), since this means that the additional fuel injec- 
tion is required for No. 2 cylinder, the operation sets the 
amount of additional fuel injection at step 2137 so that 
the excess air ratio X 2B of the exhaust gas leaving No. 
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2 cylinder becomes X R , and performs additional fuel in- 
jection of No. 2 cylinder at steps 21 39 and 2141. 
[0146] According to the present embodiment, since 
the amount of NH 3 produced at the three-way catalyst 
5 is controlled in such a manner that the amount of NH 3 
held in the NH 3 adsorbing-denitrating catalyst 9 is al- 
ways kept within a predetermined range, the shortage 
of NH 3 on the catalyst 9 or the saturation thereof with 
NH 3 determining operation not occur. Therefore, NO x in 
the exhaust gas is purified with high efficiency in this 
embodiment. 

[0147] Next, other embodiments of the present inven- 
tion will be explained. The previous embodiments in 
Figs. 1, 8 through 10, 12, 15, 16 and 19 use the three- 
way catalyst 5 as the NH 3 conversion means. However, 
in the embodiments explained hereinafter, an NO x ab- 
sorbing-reducing catalyst is used instead of three-way 
catalyst as NH 3 conversion means. 
[0148] As explained before, the NO x absorbing-re- 
ducing catalyst absorbs NO x in the exhaust gas when 
the air-fuel ratio of the exhaust gas is lean, and releases 
and reduces the absorbed NO x when the air-fuel ratio 
of the exhaust gas becomes rich. However, it was found 
that the NO x absorbing-reducing catalyst also converts 
NO x into NH 3 when the air-fuel ratio of the exhaust gas 
is rich by the reaction the same as that of the three-way 
catalyst, i.e., 5H 2 + 2NO -> 2NH 3 + 2H 2 0. In this case, 
it was also found that both of the NO x in the exhaust gas 
and the NO x absorbed in the NO x absorbing-reducing 
catalyst are converted into NH 3 . Therefore, when the 
NO x absorbing-reducing catalyst is used as the NH 3 
conversion means, since the NO x absorbed in the NO x 
absorbing-reducing catalyst in addition to the NO x in the 
exhaustgas can be used for producing NH 3 , the amount 
of the produced NO x becomes larger compared to the 
amount of NO x produced by the three-way catalyst pro- 
vided other conditions are the same. 
[0149] Figs. 23 through 27 show the general configu- 
rations of embodiments of the exhaust gas purification 
device according to the present invention when the NO x 
absorbing-reducing catalysts are used as NH 3 conver- 
sion means. Figs. 23 through 26 show the embodiments 
where exhaust gases from all the cylinders of the engine 
flow through the NO x absorbing-reducing catalyst used 
as the NH 3 conversion means, while Fig. 27 shows the 
embodiment where only the exhaust gas from the spe- 
cific cylinder flows through the same. Reference numer- 
als in Figs. 23 through 27 which are the same as those 
in Figs. 1, 8 through 10, 12, 15, 16 and 19 designate 
similar elements. 

[0150] First, the embodiment in Fig. 23 will be ex- 
plained. 

[0151] In this embodiment, No. 1 and No. 4 cylinders 
are connected to a branch exhaust gas passage 4a by 
an exhaust manifold 1 33a, and No. 2 and No. 3 cylinders 
are connected to another branch exhaust gas passage 
4b by an exhaust manifold 133b. The branch exhaust 
gas passages 4a and 4b merges each other to form a 



common exhaust gas passage 4 at downstream thereof. 
A NO x absorbing-reducing catalyst is disposed in each 
of the branch exhaust gas passage 4a and 4b in this 
embodiment. Since these NO x absorbing-reducing cat- 

5 alyst act as NH 3 conversion means, these NO x absorb- 
ing-reducing catalysts are designated by numerals 70a 
and 70b (or 70) in Figs. 23 through 27 to distinguish 
them from the NO x absorbing-reducing catalyst mainly 
acting as the purification means. In the common exhaust 

10 gas passage 4, a NO x absorbing-reducing catalyst 7 
which mainly acts as the purification means and the NH 3 
adsorbing-denitrating catalyst 9 are disposed in this or- 
der from the upstream end. 

[0152] In this embodiment, all the cylinders are al- 

15 ways operated at the same excess air ratio. Namely, 
though two groups of cylinders are formed, and a branch 
exhaust gas passage is connected to each group of cyl- 
inders in order to decrease the exhaust back pressure 
by avoiding interference of exhaust gases from the re- 

20 spective cylinders, the configuration of the embodiment 
in Fig. 23 is substantially the same as that in Fig. 1 since 
the NH 3 conversion means (the NO x absorbing-reduc- 
ing catalysts 70a and 70b) are disposed in both branch 
exhaust gas passages 4a and 4b. 

25 [0153] Further, the exhaust gas purifying operation of 
the present embodiment is the same as the operation 
of the embodiment in Fig. 1 , i.e., the operations in Figs. 
6 and 7 are also performed in this embodiment. Namely, 
all the cylinders of the engine 1 are operated at a lean 

30 air-fuel ratio during the normal operation. In the normal 
operation, the upstream NO x absorbing-reducing cata- 
lysts 70a and 70b, as well as the downstream NO x ab- 
sorbing-reducing catalyst 7 absorb NO x in the exhaust 
gas. When the amount of NO x absorbed in the down- 

35 stream NO x absorbing-reducing catalyst 7 increased to 
a predetermined value, the rich spike operation is per- 
formed on all cylinders. Therefore, a rich air-fuel ratio 
exhaust gas containing a relatively large amount of NO x 
flows into the upstream NO x absorbing-reducing cata- 

40 lysts 70a, 70b acting as the NH 3 conversion means. 
When the rich air-fuel ratio exhaust gas is supplied to 
the upstream NO x absorbing-reducing catalysts 70a 
and 70b, NO x absorbed in the catalysts 70a and 70b are 
released. This released NO x , as well as NO x contained 

45 in the exhaust gas from the engine, is converted into 
NH 3 at the upstream NO x absorbing-reducing catalysts 
70a and 70b, and a large amount of NH 3 is produced. 
Thus, a rich air-fuel ratio exhaust gas containing a large 
amount of NH 3 flows into the downstream NO x absorb- 

50 ing-reducing catalyst 7 and, thereby, NO x is released 
from the catalyst 7 and reduced to N 2 by reacting with 
NH 3 in the exhaust gas. 

[01 54] In the operation in Fig. 6, it is assumed that the 
upstream NO x absorbing-reducing catalysts 70a per- 
55 forms only the function as the NH 3 conversion means, 
i.e., the function exactly the same as the three-way cat- 
alyst 5 in Fig. 1 . Therefore, the absorbing and releasing 
of NO x by the NO x absorbing-reducing catalysts 70a 
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and 70b is ignored. However, since the upstream NO x 
absorbing-reducing catalysts 70a and 70b also absorb 
NO x in the exhaust gas during the normal operation, the 
actual amount of NO x absorbed in the downstream NO x 
absorbing-reducing catalyst 7 becomes smaller in this 5 
embodiment compared to the embodiment in Fig. 1. 
Therefore, it is preferable to take the absorbing and re- 
leasing operation of the upstream NO x absorbing-re- 
ducing catalysts 70a and 70b into consideration. The ex- 
haust gas purifying operation which takes the absorbing 10 
and releasing operation of the upstream NO x absorbing- 
reducing catalysts into consideration will be explained 
later (Fig. 28). 

[0155] Fig. 24 shows an embodiment where the NO x 
absorbing-reducing catalysts 70a and 70b are used as 15 
NH 3 conversion means, and the NH 3 adsorbing-deni- 
trating catalyst 9 and the downstream NO x absorbing- 
reducing catalyst 7 are disposed in the exhaust gas pas- 
sage 4 in this order from the upstream end. As can be 
seen from Fig. 24 and Fig. 8, the embodiment in Fig. 24 20 
is substantially the same as the embodiment in Fig. 8. 
Since the exhaust gas purifying operation of the embod- 
iment in Fig. 24 is also the same as the operation in the 
embodiment in Fig. 8, a detailed explanation is omitted. 
[0156] Fig. 25 shows an embodiment where only the 25 
downstream NO x absorbing-reducing catalyst 7 is pro- 
vided on the exhaust gas passage 4 downstream of the 
upstream NO x absorbing-reducing catalysts 70a and 
70b. Fig. 26 shows an embodiment where only the NH 3 
adsorbing-denitrating catalyst 9 is disposed in the ex- 30 
haust gas passage 4 downstream of the NO x absorbing- 
reducing catalysts 70a and 70b. The embodiments in 
Figs. 25 and 26 are substantially the same as the em- 
bodiments in Figs. 9 and 10, respectively. The exhaust 
gas purifying operations in the embodiments in Figs. 25 35 
and 26 are also the same as those in the embodiments 
in Figs. 9 and 10. 

[0157] Fig. 27 shows an embodiment in which only the 
exhaust gas from the specific cylinder is supplied to the 
NO x absorbing-reducing catalyst 70 which acts as the 40 
NH 3 conversion means. This embodiment only replaces 
the three-way catalyst 5 in the embodiment in Fig. 12 
with the NO x absorbing-reducing catalyst 70 and sub- 
stantially the same as the embodiment in Fig. 12. The 
exhaust gas purifying operation of the embodiment in 45 
Fig. 27 is also exactly the same as the operation in the 
embodiment in Fig. 12. Further, though not shown by 
drawings, it is possible to replace the three-way catalyst 
5 in the embodiments in Figs. 15, 16 and 19 with the 
NO x absorbing-reducing catalyst 7, and the exhaust gas 50 
purifying operations do not change even if the three-way 
catalyst 5 is replaced with the NO x absorbing-reducing 
catalyst 7 in the embodiments in Figs. 15, 16 and 19. 
[0158] Next, another embodiment of the exhaust gas 
purifying operation where the NO x absorbing-reducing 55 
catalyst is used as the NH 3 conversion means will be 
explained. In the embodiments in Figs. 23 through 27, 
though the NO x absorbing-reducing catalysts are used 



as the NH 3 conversion means, the exhaustgas purifying 
operations are the exactly the same as the exhaust gas 
purifying operations where the three-way catalysts are 
used as the NH 3 conversion means. However, though 
the three-way catalyst only allows NO x to pass through, 
the NO x absorbing-reducing catalyst absorbs NO x in the 
exhaust gas when the exhaust gas is at a lean air-fuel 
ratio. In this embodiment, this NO x absorbing and re- 
leasing operation is utilized effectively even though the 
NO x absorbing-reducing catalyst is used as the NH 3 
conversion means. 

[0159] Fig. 28 is a flowchart explaining the embodi- 
ment of the exhaust gas purifying operation. Although 
this exhaust gas purifying operation can be performed 
in any embodiment of Fig. 23 through 27, the case in 
Fig. 23 is considered for the purpose of explanation. 
[0160] The operation in Fig. 28 is performed by a rou- 
tine executed by the control circuit 30 at predetermined 
intervals. 

[0161] Similarly to the operation in Fig. 6, in this op- 
eration, the amount of NO x absorbed in the downstream 
NO x absorbing-reducing catalyst 7 is calculated and, 
when the calculated amount of NO x increases to a pre- 
determined value, the rich spike operation is performed, 
to produce NH 3 , by the upstream NO x absorbing-reduc- 
ing catalysts 70a and 70b. However, since the upstream 
NO x absorbing-reducing catalysts 70a and 70b also ab- 
sorb NO x in the exhaust gas during the normal opera- 
tion, the amount of NO x in the exhaust gas flowing into 
the downstream NO x absorbing-reducing catalyst 7 is 
very small compared to that in the embodiment in Fig. 
1 . However, the upstream NO x absorbing-reducing cat- 
alysts 70a and 70b in this embodiment are relatively 
small in size, and the capacity for absorbing NO x thereof 
is relatively small. As is well known, when the amount 
of NO x absorbed in the NO x absorbing-reducing catalyst 
increases, the amount of NO x passing through the cat- 
alyst without being absorbed gradually increases as the 
amount of the absorbed NO x approaches to the saturat- 
ing amount. Therefore, as the amount of the absorbed 
NO x in the NO x absorbing-reducing catalysts 70a and 
70b increases and approaches to the saturating 
amount, the amount of NO x absorbed by the down- 
stream NO x absorbing-reducing catalyst 7 gradually in- 
creases. In this embodiment, it is assumed that the 
amount of NO x absorbed in the downstream NO x ab- 
sorbing-reducing catalyst 7 does not increase when the 
amount of absorbed NO x in the upstream NO x absorb- 
ing-reducing catalysts 70a and 70b is small, since it is 
thought that NO x in the exhaust gas does not pass 
through the upstream catalysts 70a and 70b when the 
amount of the NO x absorbed therein is small. Further, it 
is also assumed that a part of NO x starts to pass through 
the upstream NO x absorbing-reducing catalysts 70a 
and 70b when the amount of the absorbed NO x in the 
upstream catalysts 70a and 70b reaches a predeter- 
mined value and the amount of NO x absorbed in the 
downstream catalyst 7 also starts to increase. There- 
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fore, in this embodiment, the time required for the NO x 
absorbed in the downstream NO x absorbing-reducing 
catalyst 7 to increase to the upper limit value is longer 
compared to that in the embodiment in Fig. 1 . Therefore, 
by considering the amount of NO x absorbed by the up- 
stream NO x absorbing-reducing catalysts 70a and 70b, 
the interval between the rich spike operation of the en- 
gine can be set longer in this embodiment. 
[0162] The flowchart in Fig. 28 will be explained brief- 
ly. The flowchart in Fig. 28 is similar to the flowchart in 
Fig. 6 except that steps 2821 through 2825 are added 
to Fig. 6. 

[0163] In this operation, the amount ANOX of NO x 
produced by the engine per unit time during the lean air- 
fuel ratio operation (step 2801 ) is calculated (step 2803) 
in the manner the same as step 603 in Fig. 6. At step 
2805 the value of the counter F1 NOX is increased by 
ANOX. The counter F1NOX represents the amount of 
NO x absorbed in the upstream NO x absorbing-reducing 
catalyst 70a and 70b. At step 2807 the operation deter- 
mines whether the value of the counter F1 NOX reaches 
a predetermined value F1 NOX 0 . F1 NOX 0 is the amount 
of NO x absorbed in the upstream NO x absorbing-reduc- 
ing catalysts 70a and 70b where NO x in the exhaust gas 
passes through the catalysts 70a and 70b due to in- 
crease in the amount of NO x absorbed therein. The val- 
ue of F1 NOX 0 is set at a value about the same as FNOX 0 
in Fig. 6 (for example, about 70% of the saturating 
amount). If the amount F1 NOX has not reached the val- 
ue F1 NOX 0 at step 2807, the operation immediately ter- 
minates. In this case, the value of the counter F2NOX 
which represents the amount of the NO x absorbed in the 
downstream NO x absorbing-reducing catalyst 7 is not 
increased. 

[0164] If the value of F1 NOX has reached F1 NOX 0 at 
step 2807, since this means that a part of NO x flowing 
into the upstream NO x absorbing-reducing catalysts 
70a and 70b passes through without being absorbed by 
the upstream catalysts 70a and 70b, the operation cal- 
culates the amount A2NOX of NO x passing through the 
upstream catalysts 70a and 70b per unit time at step 
2811. The value of A2NOX becomes larger as the 
amount of NO x absorbed in the NO x absorbing-reducing 
catalysts 70a and 70b approaches to the saturating 
amount. Further, the value of A2NOX increases as the 
amount of NO x produced by the engine per unit time in- 
creases. In this embodiment, the amount A2NOX is pre- 
viously measured under various conditions of the 
amount F1 NOX of NO x absorbed in the NO x absorbing- 
reducing catalysts 70a, 70b, and the amount ANOX of 
NO x produced by the engine per unit time. The meas- 
ured result is stored in the ROM of the control circuit 30 
in the form of a numerical table using F1 NOX and ANOX 
as parameters. The value of A2NOX is determined from 
the F1 NOX and ANOX using this numerical table at step 
2821 . Since the amount A2NOX of NO x passes through 
the upstream NO x absorbing-reducing catalyst 70a and 
70b and is absorbed by the downstream NO x absorbing- 



reducing catalyst 7, the amount of NO x held in the down- 
stream NO x absorbing-reducing catalyst increases 
A2NOXperunittime. Therefore, the value of the counter 
F2NOX which represents the amount of NO x absorbed 
5 in the downstream NO x absorbing-reducing catalyst 7 
is increased by ANOX at step 2823. In this operation 
when the value of F2NOX reaches a predetermined val- 
ue F2NOX 0 at step 2825, the rich spike operation of the 
cylinders starts at steps 2809 and 2811 . 
[0165] Step 2809 (the resetting of the flag FL), step 
2811 (the setting of the rich spike operation period CT) 
are the operation exactly the same as steps 609 and 
611 in Fig. 6, respectively. Further, steps 2813 through 
281 9 are the operations same as steps 613 through 61 9. 
Therefore, the detailed explanation of these steps is 
omitted here. 

[0166] Fig. 29 is a diagram illustrating the change in 
the amounts of NO x absorbed in the upstream catalysts 
70a, 70b and the downstream catalyst 7 during the ex- 
haust gas purifying operation of the present embodi- 
ment. In Fig. 29, the curve A represents the amount 
F1NOX of NO x absorbed in the upstream NO x absorb- 
ing-reducing catalysts 70a and 70b, and the curve B rep- 
resents the amount F2NOX of NO x absorbed in the 
downstream NO x absorbing-reducing catalyst 7. As can 
be seen from the curve A in Fig. 29, when the amount 
F1NOX increases and reaches the value F1NOX 0 (the 
time point I in Fig. 29), a part of NO x starts to pass 
through the upstream catalysts 70a and 70b. Therefore, 
the amount F2NOX of NO x absorbed in the downstream 
NO x absorbing-reducing catalyst 7 starts to increase 
(the time point I in Fig. 29). The amount of NO x passing 
through the upstream NO x absorbing-reducing catalysts 
70a, 70b increases as the amount F1NOX increases, 
and after the amount F1 NOX has reached the saturating 
amount of the catalysts 70a, 70b, all of the NO x pro- 
duced by the engine passes through the upstream cat- 
alysts 70a, 70b and is absorbed by the downstream NO x 
absorbing-reducing catalyst 7. Therefore, the rate of the 
increase in the amount F2NOX of NO x absorbed in the 
downstream NO x absorbing-reducing catalyst becomes 
larger as time elapses. When the amount F2NOX of the 
NO x absorbed in the downstream NO x absorbing-reduc- 
ing catalyst 7 reaches the amount of F2NOX 0 , the rich 
spike operation is performed by the operation shown in 
Fig. 28 (the time point II in Fig. 29) and, thereby, all the 
NO x absorbed in the upstream catalysts 70a, 70b and 
the downstream catalyst 7 is released and reduced. 
Therefore, the amounts F1 NOX and F2NOX become 0 
after the rich spike operation has completed. 
[0167] As explained above, according to the present 
embodiment, since the timing for performing the rich 
spike operation is determined taking the NO x absorbing 
capability of the upstream NO x absorbing-reducing cat- 
alyst 70a and 70b (i.e., the NH 3 conversion means), the 
interval between the rich spike operation can be set 
longer compared to the case where the three-way cat- 
alyst is used as the NH 3 conversion means. 
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Claims 

1. An exhaust gas purification device for an internal 
combustion engine (1), said engine (1) being pro- 
vided with a direct cylinder injection valve (71-74) 5 
for injecting fuel directly into the cylinder thereof and 
is capable of operating on a lean air-fuel ratio com- 
bustion in the cylinder, said device comprising: 



2. An exhaust gas purification device as set forth in 
claim 1 , wherein the exhaust gas air-fuel ratio ad- 
justing means (30) controls the amount of NH 3 pro- 30 
duced by the NH 3 conversion means by changing 

the length of the period for adjusting the air-fuel ratio 
of the exhaust gas to a rich air-fuel ratio. 

3. An exhaust gas purification device as set forth in 35 
claim 1 , wherein the exhaust gas air-fuel ratio ad- 
justing means (30) controls the amount of NH 3 pro- 
duced by the NH 3 conversion means by changing 

the number of cylinders in which the direct fuel in- 
jection, during the expansion or exhaust strokes, is 40 
performed. 

4. An exhaust gas purification device as set forth in 
claim 1 , wherein the exhaust gas air-fuel ratio ad- 
justing means (30) controls the amount of NH 3 pro- 45 
duced by the NH 3 conversion means by changing 

the value of the air-fuel ratio of the exhaust gas after 
it is adjusted. 

5. An exhaust gas purification device as set forth in 50 
one of claims 1 through 4, wherein the exhaust gas 
air-fuel ratio adjusting means (30) controls the 
amount of NH 3 produced by the NH 3 conversion 
means in accordance with the operating condition 

of the engine (1). 55 

6. An exhaust gas purification device as set forth in 
claim 1, wherein the purification means comprises 



an NH 3 adsorbing-denitrating catalyst (9) which ad- 
sorbs NH 3 in the exhaust gas and reduces NOx in 
the exhaust gas using the NH 3 it has adsorbed or 
the NH 3 in the exhaust gas. 

7. An exhaust gas purification device as set forth in 
claim 1, wherein the purification means comprises 
an NOx absorbing-reducing catalyst (7) which ab- 
sorbs NOx in the exhaust gas when the exhaust gas 
is at a lean air-fuel ratio and releases NOx it has 
absorbed and reduces the same when the air-fuel 
ratio of the exhaust gas becomes a rich air-fuel ra- 
tio. 

8. An exhaust gas purification device as set forth in 
claim 1, wherein the purification means comprises 
both of an NH 3 adsorbing-denitrating catalyst (9) 
which adsorbs NH 3 in the exhaust gas and reduces 
NOx in the exhaust gas using the NH 3 it has ad- 
sorbed or the NH 3 in the exhaust gas and an NOx 
absorbing-reducing catalyst (7) which absorbs NOx 
in the exhaust gas when the exhaust gas is at a lean 
air-fuel ratio and releases NOx it has absorbed and 
reduces the same when the air-fuel ratio of the ex- 
haust gas becomes a rich air-fuel ratio. 

9. An exhaust gas purification device as set forth in 
claim 8, wherein the NOx absorbing-reducing cata- 
lyst (7) is disposed in the exhaust gas passage (4) 
upstream of the NH 3 adsorbing-denitrating catalyst 
(9). 

10. An exhaust gas purification device as set forth in 
claim 8, wherein the NOx absorbing reducing cata- 
lyst (7) is disposed in the exhaust gas passage (4) 
downstream of the NH 3 adsorbing-denitrating cat- 
alyst (9). 

11. An exhaust gas purification device as set forth in 
one of claims 2 through 4, wherein the purification 
means comprises an NH 3 adsorbing-denitrating 
catalyst (9) which adsorbs NH 3 in the exhaust gas 
and reduces NOx in the exhaust gas using the NH 3 
it has adsorbed or the NH 3 in the exhaust gas and 
wherein the exhaust gas air-fuel ratio adjusting 
means (30) controls the amount of NH 3 produced 
by the NH 3 conversion means in accordance with 
the amount of NOx emitted from the engine. 

12. An exhaust gas purification device as set forth in 
claim 5, wherein the purification means comprises 
an NH 3 adsorbing-denitrating catalyst (9) which ad- 
sorbs NH 3 in the exhaust gas and reduces NOx in 
the exhaust gas using the NH 3 it has adsorbed or 
the NH 3 in the exhaust gas and wherein the exhaust 
gas air-fuel ratio adjusting means (30) controls the 
amount of NH 3 produced by the NH 3 conversion 
means in accordance with the amount of NOx emit- 



exhaust gas air-fuel ratio adjusting means (30) 10 
for adjusting the air-fuel ratio of the lean air-fuel 
ratio exhaust gas produced by the lean air-fuel 
ratio combustion in the cylinder to a rich air-fuel 
ratio by injecting fuel into the cylinder from the 
direct cylinder injection valve during an expan- 15 
sion stroke or an exhaust stroke of the cylinder, 
NH 3 conversion means disposed in an exhaust 
gas passage (4) through which the exhaust gas 
after its air-fuel ratio is adjusted flows and for 
producing NH 3 by converting at least a part of 20 
NOx contained in the exhaust gas to NH 3 ; and 
purification means disposed in an exhaust gas 
passage into which the exhaust gas from the 
NH 3 conversion means flows and for purifying 
both NOx and NH 3 in the exhaust gas by react- 25 
ing NOx with NH 3 in the exhaust gas. 
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ted from the engine (1). 

13. An exhaust gas purification device as set forth in 
one of claims 2 through 4, wherein the purification 
means comprises an NOx absorbing-reducing cat- 5 
alyst (7) which absorbs NOx in the exhaust gas 
when the exhaust gas is at a lean air-fuel ratio and 
releases NOx it has absorbed and reduces the 
same when the air-fuel ratio of the exhaust gas be- 
comes a rich air-fuel ratio and wherein the exhaust 10 
gas air-fuel ratio adjusting means (30) controls the 
amount of NH 3 produced by the NH 3 conversion 
means in accordance with the amount of NOx emit- 
ted from the engine. 

15 

14. An exhaust gas purification device as set forth in 
claim 5, wherein the purification means comprises 
an NOx absorbing-reducing catalyst (7) which ab- 
sorbs NOx in the exhaust gas when the exhaust gas 

is at a lean air-fuel ratio and releases NOx it has 20 
absorbed and reduces the same when the air-fuel 
ratio of the exhaust gas becomes a rich air-fuel ratio 
and wherein the exhaust gas air-fuel ratio adjusting 
means (30) controls the amount of NH 3 produced 
by the NH 3 conversion means in accordance with 25 
the amount of NOx emitted from the engine. 

15. An exhaust gas purification device as set forth in 
claim 1, wherein the purification means comprises 

an NH 3 adsorbing-denitrating catalyst (9) which ad- 30 
sorbs NH 3 in in the exhaust gas and reduces NOx 
in the exhaust gas using the NH 3 it has adsorbed 
or the NH 3 in the exhaust gas and wherein the ex- 
haust gas air-fuel ratio adjusting means (30) adjusts 
the exhaust gas at a rich air-fuel ratio when the 35 
amount of the NH 3 adsorbed in the NH 3 adsorbing- 
denitrating catalyst (9) becomes smaller than a pre- 
determined value. 

16. An exhaust gas purification device as set forth in 40 
claim 1, wherein the purification means comprises 

an NOx absorbing-reducing catalyst (7) which ab- 
sorbs NOx in the exhaust gas when the exhaust gas 
is at a lean air-fuel ratio and releases NOx it has 
absorbed and reduces the same when the air-fuel 45 
ratio of the exhaust gas becomes a rich air-fuel ratio 
and wherein the exhaust gas air-fuel ratio adjusting 
means (30) adjusts the exhaust gas at a rich air-fuel 
ratio when the amount of the NOx absorbed in the 
NOx absorbing-reducing catalyst (7) becomes larg- 50 
er than a predetermined value. 

17. An exhaust gas purification device as set forth in 
claim 1, wherein the NH 3 conversion means com- 
prises a three-way reducing and oxidizing catalyst 55 
(5). 

18. An exhaust gas purification device as set forth in 



claim 1, wherein the NH 3 conversion means com- 
prises an NOx absorbing-reducing catalyst (7) 
which absorbs NOx in the exhaust gas when the 
exhaust gas is at a lean air-fuel ratio and releases 
NOx it has absorbed and reduces the same when 
the air-fuel ratio of the exhaust gas becomes a rich 
air-fuel ratio. 



Patentanspriiche 

1. Abgasreinigungsvorrichtung fur eine Brennkraft- 
maschine (1), wobei der Motor (1) mit einem Zylin- 
derdirekteinspritzventil (71 bis 74) versehen ist zum 
direkten Einspritzen von Kraftstoff in den Zylinder 
hinein und eine Verbrennung mit einem mageren 
Luftkraftstoffverhaltnis betreiben kann in dem Zylin- 
der, wobei die Vorrichtung folgendes aufweist: 

eine Abgasluftkraftstoffverhaltniseinstellein- 
richtung (30) zum Einstellen des Luftkraftstoff- 
verhaltnisses des Abgases mit einem mageren 
Luftkraftstoffverhaltnis, das erzeugt wird durch 
die Verbrennung mit dem mageren Luftkraft- 
stoffverhaltnis in dem Zylinder, auf ein fettes 
Luftkraftstoffverhaltnis durch Einspritzen von 
Kraftstoff in den Zylinder hinein von dem Zylin- 
derdirekteinspritzventil wahrend einem Expan- 
sionshub oder einem Auslasshub des Zylin- 
ders, 

eine NH 3 -Umwandlungseinrichtung, die in ei- 
nem Abgaskanal (4) angeordnet ist, durch den 
das Abgas nach der Einstellung seines Luft- 
kraftstoffverhaltnisses stromt, und zum Erzeu- 
gen von NH 3 durch Umwandeln zumindest ei- 
nes Teils der in dem Abgas enthaltenen NOx 
zu NH 3 ; und 

eine Reinigungseinrichtung, die in einem Ab- 
gaskanal angeordnet ist, in den das Abgas von 
der NH 3 -Umwandlungseinrichtung stromt und 
zum Reinigen sowohl der NOx als auch der 
NH 3 in dem Abgas durch eine Reaktion von 
NOx mit NH 3 in dem Abgas. 

2. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Abgasluftkraftstoffverhaltniseinstelleinrich- 
tung (30) die Menge NH 3 steuert, die erzeugt wer- 
den durch die NH 3 -Umwandlungseinrichtung, 
durch Andern der Lange der Periode zum Einstellen 
des Luftkraftstoffverhaltnisses des Abgases auf ein 
fettes Luftkraftstoffverhaltnis. 

3. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Abgasluftkraftstoffverhaltniseinstelleinrich- 
tung (30) die Menge der NH 3 steuert, die erzeugt 
werden durch die NH 3 -Umwandlungseinrichtung 
durch Andern der Anzahl der Zylinder, in denen die 
direkte Kraftstoffeinspritzung durchgefuhrt wird 
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wahrend dem Expansions- oder Auslasshub. 

4. Abgasreinigungsvorrichtung nach Anspruch 1 , wo- 
bei die Abgasluftkraftstoffverhaltniseinstelleinrich- 
tung (30) die Menge der NH 3 steuert, die erzeugt 5 
werden durch die NH 3 -Umwandlungseinrichtung 
durch Andern des Wertes des Luftkraftstoffverhalt- 
nisses des Abgases nach der Einstellung. 

5. Abgasreinigungsvorrichtung nach einem der An- 10 
spruche 1 bis 4, wobei die Abgasluftkraftstoffver- 
haltniseinstelleinrichtung (30) die Menge der NH 3 
steuert, die erzeugt werden durch die NH 3 -Um- 
wandlungseinrichtung in Ubereinstimmung mitdem 
Betriebszustand des Motors (1). 15 

6. Abgasreinigungsvorrichtung nach Anspruch 1 , wo- 
bei die Reinigungseinrichtung einen NH 3 -Adsorpti- 
ons-Denitrierkatalysator (9) aufweist, der NH 3 aus 
dem Abgas adsorbiert und NOx in dem Abgas re- 20 
duziert unter Verwendung der NH 3 , die adsorbiert 
sind, oder der NH 3 aus dem Abgas. 

7. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Reinigungseinrichtung einen NOx-Adsorpti- 25 
ons-Reduktionskatalysator (7) aufweist, der NOx 
aus dem Abgas adsorbiert, wenn das Abgas ein 
mageres Luftkraftstoffverhaltnis hat, und NOx frei- 
gibt, die adsorbiert sind und dieselben reduziert, 
wenn das Luftkraftstoffverhaltnis des Abgases ein 30 
fettes Luftkraftstoffverhaltnis wird. 

8. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Reinigungseinrichtung sowohl einen NH 3 - 
Adsorptions-Denitrierkatalysator (9), der NH 3 aus 35 
dem Abgas adsorbiert und NOx aus dem Abgas re- 
duziert unter Verwendung der adsorbierten NH 3 
oder der NH 3 aus dem Abgas, als auch einen NOx- 
Absorptions-Reduktionskatalysator (7) aufweist, 

der NOx aus dem Abgas absorbiert, wenn das Ab- 40 
gas ein mageres Luftkraftstoffverhaltnis hat, und 
absorbierte NOx freigibt und dieselben reduziert, 
wenn das Luftkraftstoffverhaltnis des Abgases ein 
fettes Luftkraftstoffverhaltnis wird. 

45 

9. Abgasreinigungsvorrichtung nach Anspruch 8, wo- 
bei der NOx-Absorptions-Reduktionskatalysator 
(7) in dem Abgaskanal (4) stromaufwarts des NH 3 - 
Adsorptions-Denitrierkatalysator (9) angeordnet 

ist. 50 

10. Abgasreinigungsvorrichtung nach Anspruch 8, wo- 
bei der NOx-Absorptions-Reduktionskatalysator 
(7) in dem Abgaskanal (4) stromabwarts des NH 3 - 
Adsorptions-Denitrierkatalysators (9) angeordnet 55 
ist. 

11. Abgasreinigungsvorrichtung nach einem der An- 



spruche 2 bis 4, wobei die Reinigungseinrichtung 
einen NH 3 -Adsorptions-Denitrierkatalysator (9) 
aufweist, der NH 3 aus dem Abgas adsorbiert und 
NOx aus dem Abgas reduziert unter Verwendung 
der adsorbierten NH 3 oder der NH 3 aus dem Abgas, 
und wobei die Abgasluftkraftstoffverhaltniseinstell- 
einrichtung (30) die Menge der NH 3 steuert, die er- 
zeugt werden durch die NH 3 -Umwandlungseinrich- 
tung in Ubereinstimmung mit der Menge der von 
dem Motor abgegebenen NOx. 

12. Abgasreinigungsvorrichtung nach Anspruch 5, wo- 
bei die Reinigungseinrichtung einen NH 3 -Adsorpti- 
ons-Denitrierkatalysator (9) aufweist, der NH 3 aus 
dem Abgas adsorbiert und NOx aus dem Abgas re- 
duziert unter Verwendung der adsorbierten NH 3 
oder der NH 3 aus dem Abgas, und wobei die 
Abgasluftkraftstoffverhaltniseinstelleinrichtung (30) 
die Menge der NH 3 steuert, die erzeugt werden 
durch die NH 3 -Umwandlungseinrichtung in Uber- 
einstimmung mit der von dem Motor (1 ) abgegebe- 
nen NOx-Menge. 

13. Abgasreinigungsvorrichtung nach einem der An- 
spruche 2 bis 4, wobei die Reinigungseinrichtung 
einen NOx-Absorptions-Reduktionskatalysator (7) 
aufweist, der NOx aus dem Abgas absorbiert, wenn 
das Abgas ein mageres Luftkraftstoffverhaltnis hat, 
und absorbierte NOx freigibt und dieselben redu- 
ziert, wenn das Luftkraftstoffverhaltnis des Abgases 
ein fettes Luftkraftstoffverhaltnis wird, und wobei 
die Abgasluftkraftstoffverhaltniseinstelleinrichtung 
(30) die Menge der NH 3 steuert, die erzeugt werden 
durch die NH 3 -Umwandlungseinrichtung, in Uber- 
einstimmung mit der Menge der von dem Motor ab- 
gegebenen NOx. 

14. Abgasreinigungsvorrichtung nach Anspruch 5, wo- 
bei die Reinigungseinrichtung einen NOx-Absorpti- 
ons-Reduktionskatalysator (7) aufweist, der NOx 
aus dem Abgas absorbiert, wenn das Abgas ein 
mageres Luftkraftstoffverhaltnis hat, und absorbier- 
te NOx freigibt und dieselben reduziert, wenn das 
Luftkraftstoffverhaltnis des Abgases ein fettes Luft- 
kraftstoffverhaltnis wird, und wobei die 
Abgasluftkraftstoffverhaltniseinstelleinrichtung (30) 
die Menge der NH 3 steuert, die erzeugt werden 
durch die NH 3 -Umwandlungseinrichtung, in Uber- 
einstimmung mit der Menge der von dem Motor ab- 
gegebenen NOx. 

15. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Reinigungseinrichtung einen NH 3 -Adsorpti- 
ons-Denitrierkatalysator (7) aufweist, der NH 3 aus 
dem Abgas adsorbiert und NOx aus dem Abgas re- 
duziert unter Verwendung der adsorbierten NH 3 
oder der NH 3 aus dem Abgas, und wobei die 
Abgasluftkraftstoffverhaltniseinstelleinrichtung (30) 
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das Abgas bei einem fetten Luftkraftstoffverhaltnis 
einstellt, wenn die Menge der in dem NH 3 -Adsorp- 
tions-Denitrierkatalysator (9) adsorbierten NH 3 klei- 
ner als ein vorgegebener Wert wird. 

5 

16. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 
bei die Reinigungseinrichtung einen NOx-Absorpti- 
ons-Reduktionskatalysator (7) aufweist, der NOx 
aus dem Abgas absorbiert, wenn das Abgas ein 
mageres Luftkraftstoffverhaltnis hat, und absorbier- 10 
te NOx freigibt und dieselben reduziert, wenn das 
Luftkraftstoffverhaltnis des Abgases ein fettes Luft- 
kraftstoffverhaltnis wird, und wobei die 
Abgasluftkraftstoffverhaltniseinstelleinrichtung (30) 
das Abgas bei einem fetten Luftkraftstoffverhaltnis 15 
einstellt, wenn die Menge der in dem NOx-Absorp- 
tions-Reduktionskatalysator (7) absorbierten NOx 
groBer als ein vorgegebener Wert wird. 

17. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 20 
bei die NH 3 -Umwanldungseinrichtung einen Drei- 
wegereduktions- und Oxidationskatalysator (5) auf- 
weist. 

18. Abgasreinigungsvorrichtung nach Anspruch 1, wo- 25 
bei die NH 3 -Umwandlungseinrichtung einen NOx- 
Absorptions-Reduktionskatalysator (7) aufweist, 

der NOx aus dem Abgas absorbiert, wenn das Ab- 
gas ein mageres Luftkraftstoffverhaltnis hat, und 
absorbierte NOx freigibt und dieselben reduziert, 30 
wenn das Luftkraftstoffverhaltnis des Abgases ein 
fettes Luftkraftstoffverhaltnis wird. 



Revendications 35 

1 . Dispositif d'epuration des gaz d'echappement pour 
un moteur a combustion interne (1 ), ledit moteur (1 ) 
etant muni d'une soupape d'injection directe de cy- 
lindre (71 a 74) pour injecter directement le carbu- 40 
rant dans son cylindre et est capable de fonctionner 
sur une combustion a un rapport air/carburant pau- 
vre dans le cylindre, ledit dispositif comprenant : 

un moyen d'ajustement du rapport air/carbu- 45 
rant des gaz d'echappement (30) pour ajuster 
le rapport air/carburant des gaz d'echappe- 
ment a un rapport air/carburant pauvre produit 
par la combustion a un rapport air/carburant 
pauvre dans le cylindre a un rapport air/carbu- 50 
rant riche en injectant le carburant dans le cy- 
lindre a partir de la soupape d'injection directe 
dans le cylindre pendant un temps de detente 
ou un temps d'echappement du cylindre, 

55 

un moyen de conversion NH 3 dispose dans un 
passage des gaz d'echappement (4) a travers 
lequel les gaz d'echappement apres que leur 



rapport air/carburant soit ajuste s'ecoulent pour 
produire du NH 3 en convertissant au moins une 
partie du NOx contenue dans les gaz d'echap- 
pement en NH 3 ; et 

un moyen d'epuration dispose dans un passa- 
ge des gaz d'echappement dans lequel les gaz 
d'echappement provenant du moyen de con- 
version en NH 3 s'ecoulent et pour epurer a la 
fois NOx et NH 3 dans les gaz d'echappement 
en faisant reagir NOx avec NH 3 dans les gaz 
d'echappement. 

2. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'ajuste- 
ment du rapport air/carburant des gaz d'echappe- 
ment (30) commande la quantite de NH 3 produite 
par le moyen de conversion en NH 3 en changeant 
la duree pour ajuster le rapport air/carburant des 
gaz d'echappement au rapport air/carburant riche. 

3. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'ajuste- 
ment du rapport air/carburant des gaz d'echappe- 
ment (30) commande la quantite de NH 3 produite 
par le moyen de conversion en NH 3 en changeant 
le nombre de cylindres dans lequel I'injection de 
carburant direct, pendant le temps de detente ou 
d'echappement, est effectuee. 

4. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'ajuste- 
ment du rapport air/carburant des gaz d'echappe- 
ment (30) commande la quantite de NH 3 produite 
par le moyen de conversion en NH 3 en changeant 
la valeur du rapport air/carburant des gaz d'echap- 
pement apres qu'il ait ete ajuste. 

5. Dispositif d'epuration des gaz d'echappement selon 
I'une quelconque des revendications 1 a 4, dans le- 
quel le moyen d'ajustement du rapport air/carburant 
des gaz d'echappement (30) commande la quantite 
de NH 3 produite par le moyen de conversion en NH 3 
en conformite avec la condition de fonctionnement 
du moteur (1 ). 

6. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'epuration 
comprend un catalyseur d'adsorption-denitration 
de NH 3 (9) qui adsorbe NH 3 dans les gaz d'echap- 
pement et reduit NOx dans les gaz d'echappement 
en utilisant le NH 3 qu'il a absorbe ou le NH 3 dans 
les gaz d'echappement. 

7. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'epuration 
comprend un catalyseur d'absorption-reduction du 
NOx (7) qui absorbe le NOx dans les gaz d'echap- 
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pement lorsque les gaz d'echappement sont au rap- 
port air/carburant pauvre et libere le NOx qu'il a ab- 
sorbe et reduit celui-ci lorsque le rapport air/carbu- 
rant des gaz d'echappement devient le rapport air/ 
carburant riche. 

8. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'epuration 
comprend a la fois un catalyseur d'adsorption-deni- 
tration du NH 3 (9) qui adsorbe NH 3 dans les gaz 
d'echappement et reduit NOx dans les gaz d'echap- 
pement en utilisant le NH 3 qu'il a adsorbe ou le NH 3 
dans les gaz d'echappement et un catalyseur d'ab- 
sorption-reduction du NOx (7) qui absorbe le NOx 
dans les gaz d'echappement lorsque les gaz 
d'echappement sont au rapport air/carburant pau- 
vre et libere le NOx qu'il a absorbe et reduit celui-ci 
lorsque le rapport air/carburant des gaz d'echappe- 
ment devient le rapport air/carburant riche. 

9. Dispositif d'epuration des gaz d'echappement selon 
la revendication 8, dans lequel le catalyseur d'ab- 
sorption-reduction du NOx (7) est dispose dans le 
passage des gaz d'echappement (4) en amont du 
catalyseur d'adsorption-denitration du NH 3 (9). 

10. Dispositif d'epuration des gaz d'echappement selon 
la revendication 8, dans lequel le catalyseur d'ab- 
sorption-reduction du NOx (7) est dispose dans le 
passage des gaz d'echappement (4) en aval du ca- 
talyseur d'adsorption-denitration du NH 3 (9). 

1 1 . Dispositif d'epuration des gaz d'echappement selon 
I'une quelconque des revendications 2 a 4, dans le- 
quel le moyen d'epuration comprend un catalyseur 
d'adsorption-denitration du NH 3 (9) qui adsorbe 
NH 3 dans les gaz d'echappement et reduit le NOx 
dans les gaz d'echappement en utilisant le NH 3 qu'il 
a adsorbe ou le NH 3 dans les gaz d'echappement 
et dans lequel le moyen d'ajustement du rapport air/ 
carburant des gaz d'echappement (30) commande 
la quantite de NH 3 produite par le moyen de con- 
version en NH 3 en conformite avec la quantite de 
NOx emise par le moteur. 

12. Dispositif d'epuration des gaz d'echappement selon 
la revendication 5, dans lequel le moyen d'epuration 
comprend un catalyseur d'adsorption-denitration 
du NH 3 (9) qui adsorbe NH 3 dans les gaz d'echap- 
pement et reduit NOx dans les gaz d'echappement 
en utilisant le NH 3 qu'il a adsorbe ou le NH 3 dans 
les gaz d'echappement et dans lequel le moyen 
d'ajustement du rapport air/carburant (30) com- 
mande la quantite de NH 3 produite par le moyen de 
conversion en NH 3 en conformite avec la quantite 
de NOx emise par le moteur (1). 

13. Dispositif d'epuration des gaz d'echappement selon 



I'une quelconque des revendications 2 a 4, dans le- 
quel le moyen d'epuration comprend un catalyseur 
d'absorption-reduction du NOx (7) qui absorbe le 
NOx dans les gaz d'echappement lorsque les gaz 

5 d'echappement sont au rapport air/carburant pau- 

vre et libere le NOx qu'il a absorbe et reduit celui-ci 
lorsque le rapport air/carburant des gaz d'echappe- 
ment devient un rapport air/carburant riche et dans 
lequel le moyen d'ajustement du rapport air/carbu- 

10 rant (30) commande la quantite de NH 3 produite par 
le moyen de conversion en NH 3 en conformite avec 
la quantite de NOx emise par le moteur. 

14. Dispositif d'epuration des gaz d'echappement selon 
15 la revendication 5, dans lequel le moyen d'epuration 

comprend un catalyseur d'absorption-reduction du 
NOx (7) qui absorbe le NOx dans les gaz d'echap- 
pement lorsque les gaz d'echappement sont au rap- 
port air/carburant pauvre et libere le NOx qu'il a ab- 
20 sorbe et reduit celui-ci lorsque le rapport air/carbu- 
rant des gaz d'echappement devient un rapport air/ 
carburant riche et dans lequel le moyen d'ajuste- 
ment du rapport air/carburant (30) commande la 
quantite de NH 3 produite par le moyen de conver- 
ts sion en NH 3 en conformite avec la quantite de NOx 
emise par le moteur. 

15. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'epuration 

30 comprend un catalyseur d'adsorption-denitration 
du NH 3 (9) qui adsorbe NH 3 dans les gaz d'echap- 
pement et reduit NOx dans les gaz d'echappement 
en utilisant le NH 3 qu'il a adsorbe ou le NH 3 dans 
les gaz d'echappement et dans lequel le moyen 

35 d'ajustement du rapport air/carburant (30) ajuste les 
gaz d'echappement au rapport air/carburant riche 
lorsque la quantite de NH 3 adsorbe dans le cataly- 
seur d'adsorption-denitration du NH 3 (9) devient 
plus petite qu'une valeur predeterminee. 

40 

16. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen d'epuration 
comprend un catalyseur d'absorption-reduction du 
NOx (7) qui absorbe le NOx dans les gaz d'echap- 

45 pement lorsque les gaz d'echappement sont au rap- 
port air/carburant pauvre et libere le NOx qu'il a ab- 
sorbe et reduit celui-ci lorsque le rapport air/carbu- 
rant des gaz d'echappement devient un rapport air/ 
carburant riche et dans lequel le moyen d'ajuste- 

50 ment du rapport air/carburant (30) ajuste les gaz 
d'echappement a un rapport air/carburant riche 
lorsque la quantite de NOx absorbee dans le cata- 
lyseur d'absorption-reduction du NOx (7) devient 
plus grande qu'une valeur predeterminee. 

55 

17. Dispositif d'epuration des gaz d'echappement selon 
la revendication 1 , dans lequel le moyen de conver- 
sion en NH 3 comprend un catalyseur de reduction 
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et d'oxydation a trois voies (5). 

18. Dispositifd'epurationdes gaz d'echappement selon 
la revendication 1 , dans lequel le moyen de conver- 
sion en NH 3 comprend un catalyseur d'absorption- 5 
reduction du NOx (7) qui absorbe le NOx dans les 
gaz d'echappement lorsque les gaz d'echappement 
sontau rapport air/carburantpauvre etlibere le NOx 
qu'il a absorbe et reduit celui-ci lorsque le rapport 
air/carburant des gaz d'echappement devient un 10 
rapport air/carburant riche. 
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Fig. 3 
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Fig.4 
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Fig. 5 
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Fig. 6 
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Fig.11 
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Fig.13 
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Fig.17 
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Fig.18 
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Fig. 20 



0 



EXHAUST GAS PURIFYING OPERATION 



YES 



2011 
_1_ 



FR — 1 



2013-1 




) 



SWITCHING VALVE 
* NO. 3, 4 CYLS SIDE 



201 5 j 



2023-1 



SWITCHING VALVE 
-* THREE-WAY 
CAT. SIDE 



CALCULATE 
BNOX BASED 
ON Q AND N 



20TA 



202 5^ 



CALCULATE 
BNOX BASED 
ON Q AND N 



CALCULATE 
BNH 3 BASED 
ON Q AND N 



2019 - 
_L_ 



2027^ 



CALCULATE 
BNH 3 BASED 
ON Q AND N 



2029, 



INH 3 «-rNH 3 -HBNH3 
- Kx3xBN0X 



— > 



c 



END 



FR*-0 



2005 



CALCULATE 
BNOX BASED 
ON Q AND N 



INH 3 


^INH 3 +2x 


BNH3 


-Kx2xBN0X 



2007 
__L 



INH 3 — INH3 
-Kx 3 x BNOX 



47 



EP 0 878 609 B1 



r, A (>UEL INJECTION CONTROL) 



*3B *" 


All 


X4B *~ 


Xll 



-2101 
2103 



N0.3,N0.4 
CYL. PRIMARY FUEL INJECTION 
TIMING? 

[Tes 



2105 



NO. 3, NO. 4 CYL. PERFORM 
PRIMARY FUEL INJECTION 




YES 



2113 







A ib All 








i 





2111 




2121 



^28 *~ Xl 



NO. 2 CYL. PERFORM 
PRIMARY FUEL INJECTION 



.2125 



48 



EP 0 878 609 B1 



Fig.22 




N0.1 CYL. PERFORM 
ADDITIONAL FUEL INJECTION 




NO. 2 CYL. PERFORM 
ADDITIONAL FUEL INJECTION 



2141 



(end) 



49 



EP 0 878 609 B1 



s 

I 

I — f CO 
CQ>-« 

o <c 



n 



CT> £5 




00 — ^ oj 




Csl 



50 



EP 0 878 609 B1 



9- 




CNI 

LL 






O 




CO 










o 




:=> 




Q 


OH 




:=> . 


£X 




i 




CD 




2h 




J— 1 OQ 




CQ>-« 








O 








OCQ< 











CNI 



51 



EP 0 878 609 B1 



LO 
CNJ 




CO „ „ CnJ 




52 



EP 0 878 609 B1 



CD 

CNJ 
Li- 




en — ^ CM 




53 



EP 0 878 609 B1 



CNJ 

& 

LL 




0*00*0-* 




'CM 



54 



EP 0 878 609 B1 



Fig.28 
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Fig. 29 
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